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STATE OF COLORADO
WATER QUALITY CONTROL COMMISSION
‘''QCC-CC-B2
- iOO Cherry Creek Drive South 
Denver, Colorado 80222-1530 
Phone: (303) 692-3520

Roy Romer 
Governor
Patricia A. Nolan, MD, MPH 
Executive Director

NOTICE OF FINAL ADOPTION

PURSUANT to the provisions of sections 24-4-103(5) and 24-4-103(11), C.R.S.

NOTICE IS HEREBY GIVEN that the Colorado Water Quality Control Commission, after 
a public hearing on September 7, 1993, and complying with the provisions of 
24-4-103(3), (4) and 25-8-401(1), C.R.S., amended on September 7, 1993, pursuant 
to 25-8-202(1)(a), (b), and (2); 25-8-203; and 25-8-204, C.R.S., and Section
2.1.3 of the "Procedural Rules" the regulation entitled:

"Classifications and Numeric Standards for San Juan and Dolores River 
Basins”, 3.4.0 (5 CCR 1002-8)

Providing for amendment for the water quality standard for selenium and to 
correct a typographical error on the silver Trout equation.

Also, pursuant to 24-4-103(8)(b), C.R.S., this amendment was submitted to the 
Attorney General for review and was found to be within the authority of the Water 
Quality Control Commission to promulgate, and further that there are no apparent 
constitutional deficiencies in its form or substance. Furthermore, in adopting 
this amendment the Commission also adopted a general Statement of Basis, Specific 
Statutory Authority, and Purpose in compliance with 24-4-103(4), C.R.S.

This amendment will be submitted to the Office of Legislative Legal Services 
within twenty (20) days after the date of the Attorney General's Opinion, 
pursuant to 24-4-103(8) (d), C.R.S., and to the Secretary of State in time for 
October 10, 1993 publication in the Colorado Register pursuant to 24-4-103(5) and 
(11)(d), C.R.S., and will become effective October 30, 1993.

A copy of the amended regulation is attached and made a part of this notice.* 

Dated this 27th day of September, 1993, at Denver, Colorado.

WATER QUALITY CONTROL COMMISSION

Marirla L. Biberstinej Staff Assistant

*A copy of this regulation 
is available at a charge of $5.00 
pursuant to 24-4-103(9), C.R.S.

se93.fa

Printed on Recycled Paper



3.4.0 CLASSIFICATIONS AND NUMERIC STANDARDS

3.4.1

3.4.2

3.4.3

3.4.4

SAN JUAN RIVER AND DOLORES RIVER BASINS 

AUTHORITY

These Regulations are promulgated pursuant to C.R.S. 1973, 25-8-101 et 
sea., as amended, and in particular, 25-8-203 and 25-8-204.

PURPOSE

These regulations establish classifications and numeric standards for the 
San Juan and the Dolores River Basins, including all tributaries and standing 
bodies of water south of the northern Dolores County lines, as indicated in 
Section 3.4.6. The classifications identify the actual beneficial uses of the 
water. The numeric standards are assigned to determine the allowable 
concentrations of various parameters. Discharge permits will be issued by 
the Water Quality Control Division to comply with basic, narrative, and 
numeric standards and control regulations so that all discharges to waters 
of the State protect the classified uses. (See Section 3.1.14). It is intended 
that these and all other stream classifications and numeric standards be 
used in conjunction with and be an integral part of Regulation 3.1.0 - 
REGULATIONS ESTABLISHING BASIC STANDARDS AND AN 
ANTI DEGRADATION STANDARD AND ESTABLISHING A SYSTEM FOR 
CLASSIFYING STATE WATERS. AND ASSIGNING STANDARDS. AND FOR 
GRANTING TEMPORARY MODIFICATIONS.

INTRODUCTION

These Regulations and Tables present the classifications and numeric 
standards assigned to stream segments listed in the attached Tables (See 
Section 3.4.7). As additional stream segments are classified and numeric 
standards for designated parameters are assigned for this drainage system, 
they will be added to or replace the numeric standards in the Tables in 
Section 3.4.7. Any additions or revisions of classifications or numeric 
standards can be accomplished only after public hearing by the Commission 
and proper consideration of evidence and testimony as specified by the 
statute and the "basic regulations".

DEFINITIONS

See the Colorado Water Quality Control Act and the codified water quality
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3.4.5

regulations for definitions. 

BASIC STANDARDS

(1) All waters of the San Juan/Dolores River Basin are subject to the 
following standard for temperature. (Discharges regulated by permits, which 
are within the permit limitations, shall not be subject to enforcement 
proceedings under this standard). Temperature shall maintain a normal 
pattern of diurnal and seasonal fluctuations with no abrupt changes and 
shall have no increase in temperature of a magnitude, rate, and duration 
deemed deleterious to the resident aquatic life. Generally, a maximum 3°C 

increase over a minimum of a four-hour period, lasting 13 hours maximum, 
is deemed acceptable for discharges fluctuating in volume or temperature. 
Where temperature increases cannot be maintained within this range using 
Best Management Practices (BMP), Best Available Technology Economically 
Achievable (BATEA), and Best Practical Waste Treatment Technology 
(BPWTT) control measures, the Commission may determine by a 
rulemaking hearing in accordance with the requirements of the applicable 
statutes and the basic regulations, whether or not a change in classification 
is warranted.

(2) See Basic Standards and Methodologies for Surface Water, 3.1.11 for 
a listing of organic standards. The column in the tables headed “Water 
Fish" are presumptively applied to all aquatic life class 1 streams and are 
applied to aquatic life class 2 streams on a case-by-case basis as shown in 
the tables in 3.4.6.

(3) URANIUM

(a) All waters of the San Juan/Dolores River Basin, are subject to 
the following basic standard for uranium, unless otherwise 
specified by a water quality standard applicable to a particular 
segment. However, discharges of uranium regulated by 
permits which are within these permit limitations shall not be 
a basis for enforcement proceedings under this basic 

standard.

(b) Uranium level in surface waters shall be maintained at the 
lowest practicable level.

(c) In no case shall uranium levels in waters assigned a water 
supply classification be increased by any cause attributable to 
municipal, industrial, or agricultural discharges so as to 
exceed 40 pCi/l or naturally-occurring concentrations (as

2



determined by the State of Colorado), whichever is greater.

(d) In no case shall uranium levels in waters assigned a water 
supply classification be increased by a cause attributable to 

. municipal, industrial, or agricultural discharges so as to 
exceed 40 pCi/l where naturally-occurring concentrations are 
less than 40 pCi/l.

3.4.6 TABLES

(1) Introduction

The numeric standards for various parameters in the attached tables 
were assigned by the Commission after a careful analysis of the data 
presented on actual stream conditions and on actual and potential 

water uses.

Numeric standards are not assigned for all parameters listed in the 
Tables attached to 3.1.0. If additional numeric standards are found 
to be needed during future periodic reviews, they can be assigned 
by following the proper hearing procedures.

(2) Abbreviations:

The following abbreviations are used in the attached tables:

ac = acute (1-day)

Ag = silver

Al = aluminum

As = arsenic

B = boron

Ba = barium

Be = beryllium

Cd = cadmium

ch = chronic (30-day)

Cl = chloride

Cl2 = residual chlorine

CN = free cyanide

3



Crlll = trivalent chromium

CrVI = hexavalent chromium

Cu = copper

dis = dissolved

D.O. = dissolved oxygen

F = fluoride

F.Coli = fecal conforms

Fe = iron

Hg = mercury

mg/l = milligrams per liter

ml = milliliters

Mn = manganese

nh3 un-ionized ammonia as 
N (nitrogen)

Ni = nickel

no2 = nitrite as N (nitrogen)

no3 - nitrate as N (nitrogen)

OW = outstanding waters

P = phosphorus

Pb = lead

S = sulfide as undissociated 
H2S (hydrogen sulfide)

Se = selenium

oC
O

= sulfate

sp = spawning

Tl = thallium

tr — trout

Tree - total recoverable

TVS = table value standard

U = uranium

4



ug/i

UP

Zn

micrograms per liter

use-protected

zinc
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(3) Table Value Standards

In certain instances in the attached tables, the designation 'TVS" is 
used to indicate that for a particular parameter a “table value 
standard" has been adopted. This designation refers to numerical 
criteria set forth in the Basic Standards and Methodologies for 
Surface Water. The criteria for which the TVS are applicable are on 

the following table.



TABLE VALUE STANDARDS 
(Concentrations In ug/l unless noted)

PARAMETER01 TABLE VALUE STANDARDS (2,(3)

Ammonia

Cold Water Acute = 0.43/FT/FPH/2(4) In mg/I

Warm Water Acute = 0.62/FT/FPH/2(4) in mg/I

Cadmium

Acute = e<1-128CMh»r,(n“»)J-2-905)
. Chronic = e(0-7aS2tlB(h4rtnM,,J-3-4SO>

'(Trout) = e0-1280"0'"1"'"”-3-8281

Chromium III

Acute = 0(°-8l9[1"<h*r<,B*”>io-688>

Chronic = oi*!.#*!)

Chromium VI
Acute =16

Chronic = 11

Copper

Acute =0<°-9422t,"<h*rd"*“)3-1 *634)

Chronic = 0(°-854SC1n(h*rdn,,,)i*1-4*5)

Lead

Acute D.GU-«48[Mh.rdn...)] - 2.8736)

Chronic = e(» «l7n"<h.rdn...» - s.u?)

Nickel

Acute = 0(°-76[,"(i'«r<in«*»)]*3.33)

Chronlc=e<0-76[lB^*r,iB*“)>1-06)

Selenium
Acute = 135
Chronic = 17

Silver

Acute = 0{1-72t1"(h*rdn»*»)]-7-21)

Chronic = e(»-7*0"(h»Bd"«»»)J-»-o«)
"(Trout) = 0(i.7«Mh.rd-...)i.i°.5i)

Uranium

Acute = e(3-»02Cln(H.rd„...)],2.7088,

Chronic = eO-«n['"<i»*n..o]*8.23«>
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TABLE VALUE STANDARDS 
(Concentrations in ug/l unless noted)

PARAMETER(1> TABLE VALUE STANDARDS Wl3)

Zinc
Acute = e (0.8473[In(h>rdn*»t)]«O.B604)

Chronic = e<°»”3<M»..r-n.,.»*0.7614)

I
TABLE VALUE STANDARDS - FOOTNOTES

(1) Metals are stated as dissolved unless otherwise specified.

(2) Hardness values to be used in equations are in mg/l as calcium carbonate. The hardness 
values used in calculating the appropriate metal standard should be based on the lower 95 
per cent confidence limit of the mean hardness value at the periodic low flow criteria as 
determined from a regression analysis of site-specific data. Where insufficient site-specific 
data exists to define the mean hardness value at the periodic low flow criteria, representative 
regional data shall be used to perform the regression analysis. Where a regression analysis 
is not appropriate, a site-specific method should be used. In calculating a hardness value, 
regression analyses should not be extrapolated past the point that data exist.

(3) Both acute and chronic numbers adopted as stream standards are levels not to be exceeded 
more than once every three years on the average.

(4) FT = 10 03 (20'ICAP);
TCAP less than or equal to T less than or equal to 30

FT = 10 03(20-T);
£ less or equal to T less than or equal to TCAP

TCAP = 20° C cold water aquatic life species present

TCAP = 25° C cold water aquatic life species absent

FPH = 1; 8 less than .pH less than or equal to £

FPH = 1 + 10(7-4'PH); 6.5 less than or equal to j)H less than 

1.25 or equal to 8

FPH means the acute pH adjustment factor; defined by the above formulas.

FT Means the acute temperature adjustment factor, defined by the above formulas.

T means temperature measured in degrees Celsius.

TCAP means temperature CAP; the maximum temperature which affects the toxicity of 
ammonia to salmonid and non-salmonid fish groups.

NOTE: If the calculated acute value is less than the calculated chronic value, then the 
calculated chronic value shall be used as the acute standard.

Ii

i

t
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Pagel STREAM CLASSIFICATIONS an^ATER QUALITY STANDARDS

REGION: 9

BASIN: SAN JUAN RIVER

Stream Segment Description

Detig Classifications NUMERIC STANDARDS

PHYSICAL
and

BIOLOGICAL

INORGANIC

-sail

METALS

uq/1

TEMPORARY
MODIFICATIONS

AND
QUALIFIERS

Malnatem of the Navajo River 
and the Little Navajo River, 
Including all tributaries, 
lakes and reservoirs, from 
the boundary of the South San 
Juan Wilderness Area to the 
San Juan-Chama diversion,_____

Ag Life Cold 1 
Recreation I 
Water Supply 
Agriculture

D.O. - 6.0 mg/1 
D.O. (sp)-7.0 m 
pH - 6.5-9.0 
F J

mg/1 

Col 1-200/100ml

NH,(ac)-TVS
NH.ichi-0.02
C1,(ec)-0.019
Cl,(ch)-0.011
CN-6.005

S-0.002 
B-0.75 
NO,-0.05 
NO,-10 
Cl-250 
SO,-250

As(ac)-50(Trec)
Cd(ae)-TV$(tr)
Cd(ch)-TVS
CrI 11 (ac)-50(Tree)
CrVI(ac/ch)-TVS
Cu(ec/cn)-TV$

ch)-300(d1s)
ch)-lOOO(Trec)
ac/ch)-TVS
ch)-50(d1s)
ch)-lOOO(Trec)
ch)-O.Ol(Trec)

ac/ch)-TVS
chl-Iu^Trec)

ch)-TVS(tr)
ec/ch)-TVS

2. Malnatem of the Navajo River 
from the San Juan-Chame 
diversion to the Colorado/New 
Mexico border near Edith. 
Colorado end from the 
Coloredo/New Mexico border 
tothe confluence with the Sen 
Juan River.

Aq Life Cold 1 
Recreation 1 
Water Supply 
Agriculture

D.O. • 6.0 mg/1 
0.0. (ep)-7.0 mg/1 
pH • 6.5-9.0 
F.Col1-200/100ml

$-0,002B-0.75
N0.-0.05
NO,-10
C1-250
$0,-250

As(ch)-S0
Cd(ch)-.4
CrIII(ch)-30
CrVI(ch)*25
Cu(ch)-14

-300(d1s)
-1200
-5
•SO(dlt)
-1000

-.05
•SO
-10
-.1
-SO

All metals 
are Tree 
unless 
otherwise 
noted.

3. Malnstem of the Little Navajo 
River from the San Juan-Chama 
diversion to the confluence 
with the Navajo R1ver| all 
tributaries to the Nsvajo 
River and the Little Navajo 
River, Including all lakes 
and Reservoirs, from the San 
Juan-Chama diversions to the 
confluence with the San Juan 

______River._________________________

UP

Aq Life Warm 2 
Recreation 2 
Agriculture

D.O. - 5.0 mg/1 
pH • 6.5-9.0 
F.Col1-2000/100ml

All tributaries to the San 
Juan River, Rio Blanco, and 
Navajo River Including all 
lakee and reservoirs, which 
are within the Wemlnuche 
Wilderness area and South San 
Juan Wilderness Area.

Aq Life Cold 
Recreation 1 
Water Supply 
Agriculture

D.O. • 6.0 mg/1 
D.O. (ap)-7.0 mg/1 
pH - 6.5-9.0 
F.Col1-200/I00m1

NH,(ec)-TVS
NH,(ch)-0.02.
C1,(ac)-0.019
C1,(ch)-0.011
CN-0.005

$-0,002B-0.75
NO.-0.05
NO,-10
C1-250
SO.-250

As(ec)-50(Trec)
Cd(ac)-TVs(tr)
Cd(ch)-TVS
CrllI(ac)-SO(Trec)
CrVI(oc/ch)-TVS
Cu(ec/cn)-TVS

ch)-300(d1t)
ch)-lOOO(Trec)
ac/ch)-TVS
ch)-50(d1s)
ch)-lOOO(Trec)
ch)-0.01(Tree)

ac/ch)-TVS
ch|-10^Trec)

ch)-TVS(tr)
ac/ch)-TVS

6. Malnstem of the San Juan
River and the East Fork and 
West Fork of the San Juan 
River, from the boundary of 
the Wemlnuche Wilderness Area 
(West Fork) end the source 
(East Fork) to the confluence 
with Founmlle Creek.
Including all tributaries, 
lakes and reservoirs except 
for tributaries, lakes, and 
reservoirs Included In 

-------- Segment 4._____________________

Aq Life Cold 1 
Recreation 1 
Water Supply 
*9 Hculture

D.O. • 6.0 mg/t 
0.0. (sp)-7.0 m 
pH - 4.5-9.0 
F.Col1-200/I00ml

mg/1
NH,(ac)-TVS
NH,(ch)-0.02
Cll(ac)-0.019
C1,(ch)-0.011
CN-0.005

S-0.002
B-0.75
N0.-0.05
NO,-10
C1-250
SO.-250

As(ac)-50(Trec)
Cd(ec)-Tv4(tr)
Cdichj-TVS
Crill(ac)-50(Trec)
CrVI(sc/ch)-TVS
Cu(ac/cn)-TV$

Fe 
Fe
Pb 
Mn
Mn.-.. 
Hg(ch

ch)-300(d1s) 
ch)-lOOO(Trec) 
ac/ch)-TVS 
ch)-56(d1s) 
ch)-lOOO(Trec) 
•j-O.Ol(Trec)

N1(ac/eh)-TVS 
-- (ehi-10 
Ag(ac)-TV:
Se(ch)-l6^Trec)

Agich)-TVS(tr)
Zn(ac/ch)-TVS

6. Malnstem of the San Juan 
River from the confluence 
with FounMIe Creek to Navajo 
Reservoir.

Aq Life Cold 1 
Recreation 1 
Agriculture

D.O. - 6.0 mg/1 
0.0. (sp)-7.0 mg/1 
pH - 6.5-9.0 
F.Col1-200/100m1

NH,(ac)-TVS S-0.002
NH,(ch)-0.02 B-0.75
C1,(ac)-0.019 N0.-0.05
C1.(ch)-0.011 NO,-100
CN-0.005

As(ch)-50 
Cd(ch)-.4 
CrIIl(ch)-100 
CrVI(ch)-25 
Cu(ch)-20

Fe(ch)-2400 
Pb(ch)-10 
Mn(ch)-1000 
Hg(ch)-50 
N1 ich1-50

Se(eh)-20
Agfchj-.l
Zn(ch)-50

All metals 
are Tree 
unless
otherwise
noted.

7. Navajo Reservoir (portion 1n 
Colorado.

Aq Life Warm 1 
Recreation 1 
Water Supply 
Ag rlculture

0.0. - 5.0 mg/1 
pH - 6.5-9.0 
F.Col1-200/100m1

NH, [ac -TVS S-0.002 As(ch)-50
NH, •0.02 B-0.75 Cd(ch)-.4
Cl, •c •0.019 NO,-0.5 CrIII(ch)-50
Cl, ch •0.011 NO,-10 CrVI(ch)-25
CN- >.005 C1-250 Cu(ch)-5

SO.-2 50

Fe(ch)-300(d1s)
Fe(ch)-1000
Pb(ch)-4
Mn(ch)-50(d1s)
Mn(ch)-1000

-.05
-50
-10
-.1

-50

All metals 
are Tree
unless
otherwise
noted.

Malnstem of the R1o Blanco, 
Including all tributaries, 
lakes, and reservoirs, from 
the boundary of South San 
Juan Wilderness Area to the 
confluence with the San Juan 
River, except for the 
specific listing 1n Segment 
10.

Aq Life Cold 1 
Recreation 1 
Water Supply 
Agriculture

0.0. • 6.0 mg/1 
0.0. (sp)-7.0 mg/1 
pH • 4.5-9.0 
F.Col1-200/100ml

NH,(ac)-TVS
NH,(ch)-0.02
C1,(ac)-0.019
Cl,(ch)-0.011
CN-0.005

S-0.002 
B-0.75 
NO,-0.05 
NO,-10 
C1-250 
S0,-250

(ac)-50(Trec)
(ac)-TVS(tr)
(ch)-TVS

As (
Cd(
Cd(
CrIII(ac)-50(Trec) 
CrVI(ac/ch)-TVS 
Cu(ac/ch)-TVS

ch)-300(d1s)
ch)-lOOO(Trec)
ac/ch)-TVS
ch)-50(d1s)
ch)-lOOO(Trec)
ch).01(Tree)

ac/ch)-TVS
chj-10^Trec)

ch)-TVS(tr) 
‘ch)-TVSac/c

10. Malnstem of the Rlto Blanco 
River from Echo Oltch to the 
confluence with the R1o 

_____ Blanco River.________________

UP
Aq Life Cold 2 
Recreation 2 
Agriculture

D.O. • 6.0 mg/1 
D.O. (sp)-7.0 mg/1 
pH • 4.5-9.0 
F.Col1-2000/100m1



Page2 STREAM CLASSIFICATIONS and WATER QUALITY STANDARDS

REGION: 9 Det1g Classifications NUMERIC STANDARDS TEMPORARY
MODIFICATIONS

AND
QUALIFIERS

BASIN: SAN JUAN RIVER
PHYSICAL INORGANIC METALS

Straam Sagmant Description and
BIOLOGICAL

mi/') us/1
11. All tributaries to tho Sen

Juan Rlvir In Archuleta
County, Including all Uktt 
and raaorvolrt, eacept for 
apedflc liftings In Segments
1. 4. S, and 9.

UP

Aq LI fa Warm 2 
Racraatlon 2 
Agrlcultura

D.O. - 5.0 »g/l 
pH • 6.5-9.0
F.Col1*2000/100ml



Page3 STREAM CLASSIFICATIONS and^|ATER QUALITY STANDARDS

REGION: 9

BASIN: PIEORA RIVER

Streets Segment Description

Deslg Clesslftest Ions NUMERIC STANDARDS TEMPORARY
MODIFICATIONS

AND
QUALIFIERSPHYSICAL

end
BIOLOGICAL

INORGANIC

"<l/1

METALS

ua/1
1. All trlbuterles to the Pledre

River, Including ell likei 
end reservoirs, which ere 
within the Wemlnuche
Wilderness Ares.

Aq Life Cold 1 
Recreetlon 1
Weter Supply 
Agriculture

D.O. - 6.0 mg/1
D.O. (ep)-7.0 mg/1 
pH - 6.5-9.0
F.Col 1*200/100ml

NH,(ec)*TV$
NH.(ch)*0.02
Cl|(ec)*0.019
C1.(ch)-0.011
CN-b.005

S-0.002
B-0.75
NO,-0.05
NO,-10
Cl-250 
SOa-250

As(ec)-50(Tree)
Cdisc)-TVS(tr)
Cd(ch)-TVS
CriII (ec)-SO(Trec) 
CrVI(ec/ch)-TVS 
Cufec/ch)-TVS

Fe(ch)-300(d1s) 
Fe(ch)-1000(Tree) 
Pb(ec/ch)*TVS 
Mn(ch)*50(d1e)
Mn (eh)*1000(Tree) 
Hqichl-O.OllTreci

Nt
Se
Ag
Ag
Zn

sc/ch)-TVSch;ljjTr.e)

ch)-TVS(tr)
sc/ch)-TVS

2. Melnstem of the Pledre River, 
Including the Eest end Middle 
Forks, from the boundsry of 
the Wemlnuche Wilderness Aree 
to the confluence with Indlen 
Creek, except for the 
specific listing 1n Segment
3.

Aq Life Cold 1 
Recreetlon I
Weter Supply 
Agriculture

0.0. - 6.0 mg/1
0.0. (ep)*7.0 mg/1 
pH - 6.5-9.0
F.Col1*200/100ml

NH,(ec)*TVS
NHj(ch)*0.02
C1,(sc)-0.019
C1t(ch)*0.011
CN-0.005

S-0.002
8-0.75
N0,*0.05
N0,*10
C1-250 
S04*250

A.(«c)-50(Tr.c)
Cdf.c)-TVS(tr)
Cd(ch)-TVS
Cr(II(.c)-50(Tr.c)
CrVI(.e/ch)-TVS
Cu(*c/cn)-TVS

Fe(ch)-300(d1s) 
Fetch)*1000(Tree) 
Pb(sc/ch)-TVS 
Mn(ch)*50(d1s) 
Mn(ch)-1000(Tree) 
Hg(ch)-0.01(Tree)

Hi
Se
!fl
i9
Zn

sc/ch)-TVS
chi-10^Trec)

ch)-TVS(tr)
sc/ch)*TVS

3. Melnstem of the Eest Fork of
the Pledre River from the
Pledre Fells Ditch to the 
confluence with Pegose Creek.

Aq Life Cold 1 
Recreetlon 1
Weter Supply 
Agriculture

D.O. - 6.0 mg/1
D.O.(sp)*7.0 mg/1 
pH • 6.5-9.0
F.Col1*200/100ml

NH.(ec)*TVS
NH,(ch)-0.02
C1,(ec)-0.019
C1,(ch)-0.01I
CN-0.005

S-0.002
B-0.75
NO,-0.05
NO,-10 
C1-250 
SO.-250

A.(.c)-50(Tr.c)
Cd(.c)-TVS(tr)
Cd(ch)-TVS
CriII(.c)-SO(Tr.c) 
CrVI(.c/ch)-TVS 
Cu(.c/ch>-TVS

Fe(ch)-300(d1s) 
Fetch>-1000(Tree) 
Pb(ec/ch)*TVS 
Mn(ch)-50(d1s) 
Mntch)-lOOO(Trec) 
Netchi-0.01(Tree)

N1
Se
*9
Ag
Zn

sc/ch)-TVS
chj-lO^Trec)

ch)-TVS(tr)
sc/ch)*TVS

4. Melnstem of the Pledre River
from the confluence with
Indlen Creek to Nsvejo
Reservolr.

Aq Life Cold 1 
Recreetlon 1 
Agriculture

0.0. - 6.0 mg/1
0.0. (sp)-7.0 mg/1 
pH • 6.5-9.0
F.Col1-200/l00m1

NH,
NH,
Cl,
Cl,
CN-

ec)*TVS 
eh)*0.02 
eci-0.019 
ch)-0.011 
).00S

S-0.002
B-0.75
NO,*0.05
NO,-100

As(eh)*S0
Cd(ch)*.4
CrlII(ch)-100
CrVI(ch)-25
Cufehl-16

Fe(ch)-1500
Pb(ch)-4
Mn(ch)-1000
Hg(chl-.05
N1tchl*50

Se(ch)-20
Ag(ch)-.l 
Zn(ch)*50

All metels 
ere Tree
unless
otherwise
noted.

9. All trlbuterles to the Pledre
River, Including ell lakes 
end reservoirs, from the 
boundsry of the Wemlnuche 
Wilderness Aree to e point 
Inmedletely below the 
conflu.nc, with D»v11 Cr,tk.

Aq Life Cold 1 
Recreetlon 1
Weter Supply 
Agriculture

0.0. • 6.0 mg/1
0.0. (sp)-7.0 mg/1 
pH • 6.5-9.0
F.Col1*200/100ml

NH,(ec)*TVS
NH1(ch)*0.02
Cl»(sc)*0.019
Cl,(ch)*0.011
CN-0.005

S-0.002
B-0.75
N0.-0.05
NO,-10 
Cl-250 
S04-250

As (ec)-50(Tree)
Cd(ec)-TVS(tr)
Cd(ch)-TVS
CriII(ec)*50(Trec) 
CrVI(ec/ch)-TVS 
Cu(ec/ch)-TVS

Fe(ch)*300(d1s) 
Fetch)-1000(Trec) 
Pb(ec/ch)-TVS 
Hn(ch)-50(d1s)
Mn (eh)*1000(Tree) 
Hg(ch)*0.01(Tree)

HI
Se
Ag
5flZn

sc/ch)-TVS
chl-10|Trec)

ch)-TVS(tr) 
sc/ch)-iVS

6. All trlbuterles to the Pledre
River, Including ell lekes 
end reservoirs, from e point 
1mned1ete1y below the 
confluence with Devil Creek 
to Nsvejo Reservoir, except 
for the specific listings 1n 
Segment 7.

UP

Aq Life Wsrm 2 
Recreetlon 2 
Agriculture

0.0. • 5.0 mg/1 
pH - 6.6-9.0
F.Col1*2000/100ml

7. "Hetcher Leko, Stevens Leke,
Pegose Leke, Village Leke end 
Forest Leke.” UP -

Aq Life Wsrm 1 
Recreetlon 2
Weter Supply 
Agriculture

0.0. • 5.0 mg/1 
pH - 6.5-9.0
F.Col1-2000/lOOmf

NH.
NH,
Cl,
Cl.
CN-J

ec)-TVS 
eh)*0.06 
eci-0.019 
ch)-0.011 

0.005

S-0.002
B-0.25
N0,-0.5
NO,-10 
Cl-250
SO.-2 50

At(.c)-50(Tr.c) 
Cd(.c/ch)-TVS 
CrtII(«c)-SO(Tr.c) 
CrVI(.c/ch)-tvs 
Cu(»c/en)-TVS

Fe
Fe
Pb
Mn
Mn
Hq

ch)-300(dls)
ch)-lOOO(Trec)
ec/ch)*TVS
ch)*50(d1s)
ch)-lOOO(Tree)
chj*0.01(Treci

N1(sc/ch)-TVS
Se(ch)*l6(Trec)
Ag (sc/ch)-TVS
Zn (sc/ch)-TVS



Page4 STREAM CLASSIFICATIONS and WATER QUALITY STANDARDS

REGION: 9

BASINi LOS PINOS RIVER

Stream Segment Deacrtptlon

Dotlg Clatalflcatlona NUMERIC STANDARDS TEMPORARY
MODIFICATIONS

AND
QUALIFIERSPHYSICAL

and
BIOLOGICAL

INORGANIC

mo/1

METALS

»g/l
I. All trlbutirUt to the Lot

Plnoe River, Including til 
Itket tnd reeervolre, which 
•ro within tho Womlnucho 
Wllderneee Aroo.

Aq Ufa Cold 1 
Rocroatlon 1
Wotor Supply 
Agriculture

0.0. - 6.0 mg/1
0.0. (ep)-7.0 mg/1 
pH • 6.5-9.0
F.Co11-200/100ml

KH,(ec)-TVS
NHJ(ch)*0.02
C1,(ac)-0.019
C1,(ch)«0.0ll
CN-0.005

S-0.002
8-0.75
N0a-0.05
NO,-10 
C1-2S0 
SO.-250

Aa (ac)-SO(Troc)
Cdtec)-TVS(tr)
Cd(ch)-TVS
CrI 11 (ac)-50(Tree) 
CrVI(ac/ch)-TVS 
CuIoc/chl-TVS

Fa(ch)-300(d1a) 
Fo(ch)-1000(Tree) 
Pb(ac/ch)-TVS 
Mn(ch)-50(d1a) 
Mn(ch)-1000(Tree) 
Hatchi-O.OltTrocl

HI
So
Ag
Ag
Zn

oc/ch)-TVS
chi-10|Troe)

ch)-TVS(tr)
oc/ch)-TVS

2*. Holnttom of tho Lot Plnpe
River from tho boundary of 
tho Womlnucho Wlldornott
Arot to tho U.S. Hwy 160 
except for tho tpoclfle
Hating 1n Sogmont 3.

Aq Life Cold 1 
Rocroatlon 1
Water Supply 
Agriculture

0.0. • 6.0 mg/1
D.O. (ep)-7.0 mg/1 
pH - 6.5-9.0
F.Col1*200/100ml

NH.(ac)*TVS
NH,(ch)-0.02
Cla(ec)-0.019
C1.(ch)*0.011
CN-0.005

5- 0.002
6- 0.75 
N0,-0.05
NO,-10 
C1-250 
S04-250

Aa (ac)-50(Troc)
Cdtec)-TVS(tr)
CdfchJ-TVS
CrIII(ac)-50(Tree)
CrVI(ac/ch)-TVS
Cu(ac/cn)-TVS

Fo(ch)-300(d1a) 
Fetch)-1000(Tree) 
Pb(ac/ch)-TVS 
Mn(ch)-50(d1e) 
Mntchi-1000(Tree)
Hg(ch)-0.01(Tree)

N1
So
Ag
Ag
Zn

oc/ch)-TVS
chl-lO^Troc)

ch)-TVS(tr) 
ac/ch)-iVS

2b. Htlnttom of tho Lot Plnot
Rlvir from U.S. Hwy 160 to 
tho Coloredo/New Mexico 
bordtr.

Aq Life Cold 1 
Recreation 1
Wotor Supply 
Agriculture

0.0. • 6.0 mg/1
0.0. (ap)-7.0 mg/1 
pH • 6.5-9.0
F.Co11-200/100ml

NH,(ac)*TVS
HH,(ch)-0.02
C1a(ec)-0.019
C1,(ch)-0.011
CN-0.005

S-0.002
B-0.75
NO.-0.05
NO,-10 
C1-250
SO.-2 50

At(ac)-50(Trac)
Cd(ec)-TVS(tr)
Cd(ch)-TVS
Critt(oc)-50(Tree) 
CrVI(ec/ch)-TVS 
Cu(ec/eh)-TVS

Fo(ch)-300(d1a)
Fatch)-1000(Tree)
Pbiee/ch)-TVS
Mnich)-SO(dta)
Mn (chi-1000(Tree) 
Hatch]-0.01(Tree 1

M1(ae/ch)-TVS
So(ch)-10(Troc)
Ag(ac)-TVS
Ag(ch)-TVS(tr) 
Zn(ec/ch)-TVS

3. Vtllodto Rttorvolr. Aq Life Cold 1 
Recreation 1
Water Supply 
Agriculture

0.0. • 6.0 mg/1
0.0. (ep)-7.0 mg/1 
pH • 6.5-9.0
F.Col1*200/100ml

NH,
NHj
Cl,
ci,CN-

ac)-TVS
Ch)-0.02
ac)-0.019
ch)-0.011
1.005

S-0.002
B-0.75
N0a-0.05
NO,-10 
C1-250 
SO.-250

*»(.c)-50(Tr.c)
Cd(.e)-tVi(tr)
Cd(ch)-TVS
CrilI(.c)-50(Tr.c)
CrVI(.e/ch)-fVS
Cuf.c/cM-TVS

Fa(ch)-300(d1a) 
Fateh)-1000(Tree) 
Pbiac/ch)-TVS 
Mn(chJ-50(d1t)
Mn(ch)-1000(Tree) 
Hatch 1-0.01(Tree!

N1
So
Ag
Ag
Zn

ac/ch)-TVS
chj-10|Troc)

ch)-TVS(tr)
oc/ch)-fVS

4. All trtbutarlot to tho Lot 
Plnot Rlvor and Vtllodto 
Roaorvo1rt Including til 
lekee tnd roaorvolrt, from 
tho boundary of tho
Womlnucho Wlldornott Arot to 
t point Immediately bolow 
tho confluonco with Boar
Crook (T3SN, R7V), oscopt 
for tho tpodflc Hating In 
Sogmont 5; molnatomt of
Botvor Crook. Uto Cr Crook.
Uto Crook, and Spring Crook 
from tholr tourcot to tholr 
confluoncot with tho Lot
Plnot Rlvor.

Aq Life Cold 1 
Recreation 1
Water Supply 
Agriculture

0.0. • 6.0 mg/1
D.O. (ap)-7.0 mg/1 
pH • 6.5-9.0
F.Col1*200/100ml

NH,(ec)-TVS
NHf(ch)*0.02
C1a(oc)-0.019
C1,(ch)*0.01k
CN-0.005

S-0.002
B-0.75
N0a-0.05
NO,-10 
C1-250 
SO.-250

Aa(ac)-50(Troc)
Cdiac)-TVs(tr)
Cd(ch)-TVS
CrIII(ac)-SO(Troc) 
CrVI(ac/ch)-TVS 
Cu(#c/cn)-TV$

Fo(ch)-300(dla) 
Fetch)-1000(Tree) 
Pb(ac/ch)-TVS 
Mn(ch)-50(d1a)
Kntch)-1000(Tree) 
Hg(ch)-0.01(Tree)

N1
So
Ag

Zn

•c/eh)-TVS

ehJ-rysftr)
[»e/eh)-IVS

5. Htlnttom of Vtllodto Crook
from tho boundtry of tho 
Womlnucho Wlldornott Arot to 
Vtllodto Rotorvolr.

Aq Life Cold 1 
• Recreation 1

Water Supply 
Agriculture

0.0. • 6.0 mg/1
0.0. (ap)-7.0 mg/T 
pH - 6.5-9.0
F.Col1*200/100ml

NHa(ac)*TVS
NHa(ch)*0.02
C1a(ac)*0.019
C1a(ch)*0.011
CN-0.005

S-0.002
B-0.75
N0a-0.05
NO,-10 
C1-250
SO.-250

A.(.e)-S0(Tr.c)
Cdi.cl»TVS(tr)
Cd(eh)«l
CrIEI(.c)*50(Tr.c) 
CrVI(.c/chl-TVS 
CH(.e/eh)-TVS

Fo
Fo
Pb
Mn
Hn
Hq

ch)*300(d1.)
ch)-lOOO(Tr.c)
•e/ch)-TVS
ch)-50(dt.)
ch)-lOOO(Tr.c)
chi*0.01(Tr.ci

N1
So

i8
Zn

ac/ch)-TVS
ch-l6jTr.c)

ch)-TVS(tr)
oc/ch)-TVS

6. All trlbuttrloa to tho Lot
Plnot Rlvor. Including til
Itkoa and roaorvolrt. from • 
point 1fm>od1ato1y bo low tho 
confluonco with Boor Crook 
(T35N, R7W) to tho 
coloredo/Now Mexico border, 
except for tho tpodflc
Hating In Sogmont 4; all* 
trlbuttrloa to tho San 'Juan 
Rlvor 1n Lo Plato County.

UP

Aq Life Cold 2 
Recreation 2 
Agriculture

0.0. • 6.0 mg/1
0.0.(tp)»7.0 mg/1 
pH - 6.5-9.0
F.Col1*2000/100n1



Page5 STREAM CLASSIRCAT OUS ancy&fATEr. QoALSTY STA^DARiDS

REGION: 9

BASIN: ANIMAS AND FLORIDA RIVER

Stream Segment Description

Dos 1g Classifications NUMERIC STANDARDS TEMPORARY
MODIFICATIONS

AND
QUALIFIERSPHYSICAL

and
BIOLOGICAL

INORGANIC

mq/1

METALS

ua/1
X. All tributaries to the Animas

River and Florida River, 
Including all lakes and 
reservoirs, which are within 
the Wemlnuche Wilderness
Area.

Aq Life Cold 1 
Recreation 1
Water Supply 
Agriculture

0.0. - 6.0 mg/1
0.0. (spj-7.0 mg/1 
pH • 6.5-9.0
F.Col1-200/100ml

NH,(ec)-TVS
NH,(ch)-0.02
C1a(ac)*0.019
C1a(ch)-0.011
CN-0.005

5- 0.002
6- 0.75
NO.-0.5
NO,-10
Cl-250
SO.-250

A.(.c)-50(Tr.c)
Cd(.c)-TVS(tr)
Cd(ch)-TVS
CrllI(ac)-SO(Tr.c)
CrVI(tc/ch).TVS
Cuf.c/chl-tVS

Fe

Pb
Kn
Mn
Ha

ch)-300(d1.) 
ch)-lOOO(Tr.c) 
•c/chj-TVS 
ch)-50(dl.) 
ch)-lOOO(Tr.c) 
chl-O.OliTr.c)__

N1
Se
Ag
Ag
Zn

ac/ch)-TVS • 
chj-10^Trec)

ch)-TVS(tr)
ec/chj-TVS

2. Malnstem of tho Animas River,
Including ell tributaries, 
from the source to a point 
Inoedlately above the 
confluence with Elk Creek, 
except for specific listings
In Segments 1 and 6 through
8a and 8b.

Recreation 2 pH - 6.5-9.0
F.Col1-2000/I00ml

3. Malnstem of the Animas River
from a point Immediately 
above the confluence with Elk 
Creek to the confluence with 
Junction Creek.

UP

Aq Uf. C.l, 1 
f

*•••» kM1t

0.0 • 10 e«/1
0 0 (eel*’ • a*/1 
m • 1 I » 1
1 CeH HSI/IMsI

»s

Dh

ea)*»vt
• ft*
•a)-* tit
tal-4 6||

k M

1-4 009
M M 
«^«4 04

<
kL*2M

As(«e)-M
Ce|te\-.6 
(-IIIl«e)-44 
(rf|(»ei-#4 
(•{ie}*M

Fe
Fe
Pb
Mn

ch
ch
ch
ch
ch

-300(dla) 
•1150
-43
-50(d1a)
-1000

Se
Ag
Zn

ch
ch
ch
ch
ch

-.05
-50
-10
-.1
-470

All metala 
are Tree 
unless
otherwlss
notad.

4. Malnstem of the Animas River
from the confluence with 
Junction Creek to the 
Colorado/New Mexico border.

*
*• i1 ♦. <•>« I

1
»•••» kM1,
V 'MUM

• • • • • «,/»
• • IMI.I 1 ^/l
W • i M I
F I.1IMM./IM.I

•s

i-

*•
«e
ee 
• ak •

«• •#
•4 111 
•4 611

ftft

M emd
0-4 *4 
•0,-4 06
•Oy-14
(1*944
40. *9 40

A.I..I.M

C.(.*)•»

Fe
Fe
Pb
Mn
Mn

ch
ch
ch
ch
ch

-300(d1a)
• 1500 
•55
•50(d1a)
-1000

S?

Se
Ag
Zn

ch)-.05 
chj-100 
ch)-10 
chi*.1 
ch)*I50

All metala 
are Tree
unless
otharwlse
notad.

5. Malnstem, Including all
tributaries, lakes and 
reservoirs, of Cinnamon
Creek, Grouse Creek, Plcayne 
Gulch, Minnie Gulch, Maggie 
Gulch, Cunningham Creek,
Boulder Creek, Whitehead
Gulch, and Moias Creek from 
their sources to their 
confluences with the Animas 
River.

Aq Ilf. C.l, 1 
Recreation 2
Water Supply 
Agriculture

00. • ,0 ma/i
0.0. (spj-7.0 aig/1 
pH - 6.5-9.0
F.Col1-2000/100a1

M4,(*c)*TVS
NHa(ch)*0.02
C1a(ac)-0.019
Clt(ch)-0V011
CN-0.005

S-0.002
6*0.75
N0a*0.05
N0a-10
C1-260
SO,-2 50

A.(.c)-50(Tr.c)Cd.cj-TvS(tr)
CdJch)-TVS
CrlII(.c)-SO(Tr.c)
CrVI(.c/eh)-TVS
Cu(.c/ch)-TVS

Fe
Fe
Pb
Mn
Mn
Hg

ch)-300(d1a)
ch)-lOOO(Trec)
ec/chl-TVS
chj-SO(dla)
ch)-lOOO(Trec)
ch)-O.Ol(Trec)

N1(ac/ch)-TVS
Seichi-lO(Trec)
Ag(ac)-TVS
Agich)-TVS(tr)
Zn(ac/ch)-TVS

6. Malnstem of Cement Creek,
Including all tributaries, 
lakes, and reservoirs, from 
the source to the confluence 
with the Animas River.

Recreation 2 pH - 6.5-9.0
F.Col1-2000/l00m1

7. Malnstem of Mineral Creak,
Including all tributaries,, 
from the source to a point 
Imnedlately above the 
confluence with South Mineral 
Creek except for the specific 
llstlnq 1n Seqment 8a.

Recreation 2 
Agriculture

pH • 3.5-9.0
F.Col1-2000/100m1

CN-0.2 B-0.75 A.(ch)-0.1
Cd(eh)-0.005
CrTII(ch)-0.1
CrVI(eh)-0.J

Cu(ch)-0.2
Pb(ch)-0.03S
Hg(ch)-0.05
N1(qh)-0.05

S.(ch)-0.02

Zn(ch)-2.0

All matala 
ara Trac
uniats
otharwlse
noted.

8a. Malnstem of South Mineral
Creek Including all 
tributaries, lakes and 
reservoirs from the source to 
a point Imnedlately above the 
confluence with Clear Creek} 
malnstems. Including all 
tributaries, lakes and 
reservoirs of M111 Creek, and 
Bear Creek from sources to 
confluence with Mineral
Creek: all lakes and 
reservoirs 1n the drainage 
areas described 1n Segments 7 
throuqh 9.

Aq Life Cold 1 
Recreation 2
Water Supply 
Agriculture

0.0. - 6.0 mg/1
0.0. (spj-7.0 mg/1 
pH - 6.5-9.0
F.Col1*200/100ml

NHa(ac)*TVS
NHa(ch)*0.02
C1a(ac)-0.019
C1a(ch)-0.011
CN-b.005

S-0.002
B-0.75
N0a-0.05
NO.-10
Cl-250
SO,-2 50

A.(.c)*50(Tr.c)
Cdl.c).TVS(tr)
CdfchJ-TVS
Cr(U(.c)-50(Tr.c)
Cr»I(.e/ch}-TVS
Cu(.c/eh)-TVS

Fe
Fe
Pb
Mn
Mn
Hg

ch)-300(dis)
ch)-lOOO(Trec)
ac/ch)-TVS
chi-50(d1s)
ch)-lOOO(Trec)
ch)-O.Ol(Trec)

N1
Se
Ag
Ag
Zn

fec/ch)-TVS 
'chj-lO^Trec)

ch)-TVS(tr)
ac/chj-TVS

8b. Malnstem of South Mineral
Creek, Including all 
tributaries, from a point 
Imnedlately above the 
confluence with Clear Creek 
to the confluence with
Mineral Creek and the 
malnstem of Mineral Creek 
from Immediately above the 
confluence with the South
Fork to the confluence with 
the Anlmos River.

Aq Life Cold 1 
Recreation 2 
Agriculture

0.0. • 6.0 mg/1
0.0. (spj-7.0 mg/1 
pH • 6.5-9.0
F.Col1*2000/100ml

NHa(ac)*TVS
NHa(ch)-0.02
C1a(ac)-0.019
C1a(ch)-0.011
CN-0.005

$-0,002
B-0.75
NO,-0.05

A«(ch)-S0
Cd(ch)-2
Crill(ch)-100
CrVI(ch)"25
Cu(ch)-5

Fe(ch)-1000
Pb(ch)-14
Mnlchj-1000
Hatch)-.05
Nl(ch)-50

Se(ch)-20
Agich -.1 
Zn(ch)-50

All metels 
ere Tree 
unless 
otherwise 
noted.



Page6 STREAM CLASSIFICATIONS and WATER QUALITY STANDARDS

RE6I0N: 9

BASINt ANIMAS AND FLORIDA RIVER

Stream Segment Deicrlption

Ooaig Clmlflcitlont NUMERIC STANDARDS

PHYSICAL 
• nd

BIOLOGICAL

INORGANIC

mq/1

METALS

uq/1

TEMPORARY
MODIFICATIONS

AND
QUALIFIERS

Mainatem of Clear Crook from 
tho tourco to th# confluence 
with South Mlnorol Crook.

UP
Aq L1fo Cold 1 
Recreation 2 
Agriculture

D.O. - 6.0 mg/1 
D.O. (ip)>7.0 ng/1 
pH - 6.5-9.0 
F. Co11-2000/100ml

NHj(oc)-TVS 
NH.(eh)-0.02 
C1.iocj-0.019 
C1.(ch)-0.0&1 
CN-0.Q05

5- 0.002
6- 0.75 
NO,-0.05

Ao(ch)-SO 
Cd(ch)-.4 
CrxII(ch)-100 
CrVI(ch)-25 
Cufchl-150

Fo(ch)-5000 
Pb(ch)-4 
Kn(ch)-1000 
Hg(ch)-.052

S.(ch)-20Ag|ehj-.l
Zn(ch)-«eO

All metal* 
oro Troc 
unlooo
otharwiae
noted

10. Molnotom of tho Florldo Rlvor 
from tho boundary of tho 
Womlnucho Wlldernea* Aroo to 
tho Florida Formoro Canal 
Hoadgate, except for tho 
specific lilting* 1n Sogmont 
12bf ________________

Aq Llfo Cold 1 
Rocrootlon 1 
Wator Supply 
Agriculture

D.O.-6.0 mg/1 
D.O.- 7.0 mg/1 
pH • 6.5-9.0 
P .Col 1-200/100ml

NHj(ac)-TVS
NH.(ch)-0.02
Cla(ac)-0.019
C1.(ch)-0.011
CN-0.005

S-0.002 
B-0.75 
NO,-0.05 
NO,-10 
0-250 
SO,-250

A*(ac)-SO(Troc)
Cdiac)-TVS(tr)
Cdich)-TVS
CrI 11(oc)-SO(Troc)
CrVI(ac/ch)-TVS
Cu(ac/cu)-TVS

Fe(ch)-300(d1a) 
Fo(ch)-1000(Troc) 
Pbi*c/ch)-TVS 
Mn (ch)-SO(dI•) 
Mn(ch)-1000(Troc) 
Hg(eh)-0.01(Troc)

*c/ch)-TVS
chj-lO^Troc)

ch)-TVS(tr)
ee/ch)-TVS

Matnitom of tho Florida Rlvor 
from th* Florida Farmer*
Canal Haadgato to tho 
confluence with th* Animat 
Rlvor.

Aq Life Cold 1 
iMraaltaa I 
Mate* liaflp 
6mrt*«i%*-o

D.O. • 6.0 ^/l 
0.0.(oo)-7.0 mg/I

r- 4 ta •
Col «-#06/ 106*1

»S('C)-TVS 
»S(<a)-0 06 
<»,(*«]-0 616 
C 611

5- 0.002
6- 0.76 
an»-o 06 
■0^-16

Ii-#*#

A* (ac 
Cdfac 
C# 11 *c»ln 
cX

•50(Tr*c)
-TVS(t r)
• TVS

a I<•«/i*l-TvtlAUtiulU.

Fo(ch)-300(d1a)
Fo(ch)-100u(Troc 
Pb(ac/ch)-TVS 
Hn(ch)-SO(d1a) 
M«(ch)-1000(Troc)

*c/ch)-TVS
chj-10|Tr*c)

ch)-TVS(tr)
ac/ch)-TVS

12a. All trlbutarlo* to tho Anlmoa 
Rlvor, including all lake* 
and roaarvolra from a point 
1avnod1ato1y above tho 
confluonco with Elk Cr. to • 
point lavnodlatolv below tho 
confluence with Hermoae Cr. 
except for apaclflc Hating* 
in Segment IS. All 
tributarloa to tho Florida 
River Including oil lake* and 
roaarvolra from tho aourco to 
tho outlot of Lemon Roaorvolr 
oacopt tho apoelffc Hating 
in Sogmont 1. Mainatoma of 
Rad and Shearer Croak* from 
their aourca* to their 
confluence* with tho Florida 
River.

*0 a••* <e'd I •oa-moa >m I 
o»«o» tma'f

6 6 * 6 66 • loo• ^/’

rm 4 6 6 6 5**<S

*• J • *r* M 004 o«
•o)-4 66 M 76 CO •a
e* 1 ^6 616 -v- •• (o • o
-oj-41 611 16 <• II

•M (1-4*6 (.«!(•
16,-faa C.(a

•ao(ir*i >
• »rt04 )-66(frmo) o/aoj-fVt

fo(ch)-300(dia) 
Fetch)-1000(Tree) 
Pb(*c/ch)«TVS 
Mn(ch)-SO(dia) 
Mn(ch)-1000(Tree) 
Hg(ch)-0.01(Tree)

Hi (ac/ch)-TVS
Soich)-lO(Troe)
Ag(ac)-Tvi
Agfch)-TVS(tr)
Zn(ac/ch)-TVS

12b. Lemon Roaorvotr. Aq Lif* Cold 1 
Recroation 1 
Water Supply 
Agriculturo

D.O. - 6.0 mg/1 
0.0. (*p)-7.0 mg/1 
pH • 6.5*9.0 
p.Col 1-200/100ml

NH,(ac)-TVS
NH,(ch)-0.02
C1,(*c)-0.019
C1,(ch)-0.0U
CN-0.005

5- 0.002
6- 0.75 
NO,-0.05
NOj-10.02
Cl-250 
S0.-250

) -TVS

A*
Cd
Cd(ch 
Cr III(oc)-50(Tree) 
‘ ‘' :/ch)-fVSCrVI(ac> 
Cu(ac/cM« TVS

ch)-300(dia) 
ch)-lOOO(Troc) 
oc/ch)-TVS 
ch)-50(d1a)
ch)-10d0(Troc
chi-O.OllTrocIK3

[*c/ch)-TVS
jchj-10|Tr*c)

|ch)-TVS(tr)
|*c/ch)-TVS

13*. Motnatom of Junction Crook, 
end Including oil 
trlbutarlo*, from U.S. Foroat 
Boundary to confluonco with 
Anima* River.

UP
Aq Life Cold 2 
Rocrootlon 2 
Agriculture

D.O.-6.0 mg/1 
D.O.(ap)-7.0 mg/1 
pH • 6.5*9.0 
F.Col 1-2000/100ml

NH,(oc)-TVS
NH,(ch)-0.02
Cl,(ac)-0.019
C1.(ch)-0.011
CN-0.005

S-0.002 
B-0.75 
NO,-0.05

A*(oc/ch)-TVS
Cd(oc)-TVS(tr)
Cd(ch)-TVS
CrI11(*c/ch)-TVS
CrVI(ac/ch)-TVS
Cufac/cM-TVS

ch)-lOOO(Troc)
ac/ch)-TVS
ch)-lOOO(Troc)
ch)-O.Ol(Troc)
ac/ch)-TVS
ac/chi-TVS

•c)-TVS 
ch
•c

j-TVS(tr)
/ch)-TVS

13b. All tributarloa to tho Animoa 
River, including oil toko* 
and reservoir*, from * point 
1nood1at*ly below tho 
confluonco with Hormoa* Crook 
to tho Colorado/Now Moxleo 
bordar, aicapt for tho 
apaclflc Hating* in Sagmanta 
10. 11, 12a. 12b, 13a and 14j 
all trlbutarlas to tho 
Florid* Rtvar, Including all 
lakoa and raaarvolra, from 
tha outlot of Lesion Roaorvolr 
to tho confluonco with tho 
Anlmaa Rlvor, excopt for 
apaclflc Hating* 1n Segment 
12*.

UP
Aq Life Cold 2 
Rocrootlon 2 
Agriculture

D.O. 6.0 mg/1 
D.O. (ap)-7.0 mg/1 
pH • 6.5-9.0 
F.Col 1-2000/100ml



Page7 STREAM CLACSIFiCATIOriS an^VATER QUALITY STANDARDS

REGION: 9

BASIN: ANIMAS ANO FLORIDA RIVER

Deslg Classifications NUMERIC STANDARDS TEMPORARY
MODIFICATIONS

ANO
QUALIFIERSPHYSICAL

and
BIOLOGICAL

INORGANIC

_________ ____________

METALS

ua/1

Stresm Segment Description

14. M«1ntt«n of Llghtner Creek 
from the source to the 
confluence with the Anlass 
River.

Aq Life Cold 1 
Recreation 1
Water Supply 
Agriculture

D.O. • 6.0 mg/1
0.0. (sp)>7.0 mg/1 
pH • 6.5-9.0 
r .Col 1-200/100ml

NH,(ec)•TVS
NH,(ch)-0.02
C1a(ac)*0.019
C1.(ch)-0.0n
CN-0.005

S-0.002
B-0.75
NO,-0.05
NO,-10
Cl-250
SO.-2 50

At(.e)-S0(Tr.e)
Cd(.e)-TVS(tr)
CdfehJ.TVS
Cr! 11(«c)*50(Tr«c)
CrVI(.e/eh)-TVS
Cuf.c/cM-TVS

Fe(ch)-300(d1s) 
Fe(ch)-1000(Tree) 
Pb(ec/ch)-TV$ 
»«<(ch)-S0(d1s) 
Hn(ch)-1000(Trec)
Hafchl-O.Ol(Treei

N1(ec/ch)-TVS
Sefchi-lO(Trec)
Ag (sc)-TVS
Agich)-TVS(tr)
Zn(ac/ch)-TVS

IS. Melnstem of Puraatory Creek 
from source to Cascade,
Csscsde Creek, Souldlng Creek 
from the source to Elbert
Cree, end Nsry Drew from the 
source to Nevllend Lake.

UP
Aq Life Cold 2 
Recreation 2 
Water Supply 
Agriculture

D.O.-6.0 mg/1
0.0.(sp)-7.6 mg/1 
pH - 6.5-9.0 
F.Co11-2000/100m1

CN-0.2
S-0.05
NO,-1.0

NO,-10 
C1-250 
S04-250

As(ch)-50
Cd(ch)-10
CrlI1(ch)-50
CrVI(ch)-50

Cu(ch)-1000
Fe(ch)-0.3(d1s)
Pb(ch)-S0
Mn(ch)-50

Hg (ch)-2
Se(ch)-10
Ag(ch)-50
Zn(ch)-5000

All metals ■ 
are Tree 
unless
otherwise
noted.



Page8 STREAM CLASSIFICATIONS and WATER QUALITY STANDARDS

REGIONt 9

BASINi LA PLATA RIVER. KANCOS 
RIVER. McELMO CREEK. AND SAN JUAN 
RIVER IN MONTEZUMA COUNTY AND 
DOLORES COUNTY____________________
Stream Segment Description

Oeslg Classifications NUMERIC STANDARDS

PHYSICAL
and

BIOLOGICAL

INORGANIC

«g/l

METALS

ug/1

Fe eh •300 ( dla) Nl
Fe
Pb

Ch

ac
-1000

fch)-T
Se
Ag

Mn ch •Soldi•) Ag
Mn ch -1000 (Tr.c) Zn
hh ch •0.01 fTr.c)
Fe ch •1000 Se
Pb ch •43 Ag
set ch •100Q Zn
Hg ch -.05
Nl ch -100

TEMPORARY
MODIFICATIONS

AND
QUALIFIERS

Hi1nit«m of tho La Plata 
River. Including all 
tributaries, lakes, and 
reservolra. fro* the source 
to the Hey Gulch diversion 
south of Hesperus.

Aq Life Cold 1 
Recreation 1 
Water Supply 
Agriculture

D.O. - 6.0 
O.O. (sp)-7.5 mg/1 
pH • 6.5-9.0 
F.Col1-200/100*1

NH«(ac)-TVS 
NH.(ch)-0.02 
Cl.tec1-0.019 
C1»(ch)-0.011 
CN-0.005

S-0.002
B-0.75
N0.-0.05
NO.-10
C1-250
SO.-2SO

As(ac)-SO(Tree)
Cd(ec)-TV$(tr)
Cd(ch)-TVS
CriII(ac)-SO(Trec)
CrVI(ec/ch)-TVS
Cu(ac/cn)-TVS

ac/ch)-TVS
chj-lu^Trec)

ChJ-TVS(tr)
ec/ch)-fVS

Mslnste* of the La Plata 
River from the Hay Gulch 
diversion south of Hesperus 
to the Colorado/New Mealco 
border._____________________

Aq Life Warn 2 
Recreation 2 
Agriculture

D.O.-S.O mg/1 
pH - 6.5-9.0 
F.Col 1-2000/100*1

S-0.002 
B-0.75 
NO.-0.05

As(ch)-50 
Cd(ch)-.l 
Cri I1(ch)-100 
CrVI(ch)»25 
Cu(cu)-lO_____

All metals 
are Tree
unless
otherwise
noted.

3. All tributaries to the La 
Plata River. Including all 
lakes and reservoirs, fro* 
the Hay Gulch diversions 
south of Hesperus to the 

____ Colorado/Naw Mealco border.

UP
Aq Life Wans 2 
Recreation 2 
Agriculture

0.0. - 5.0 mg/1 
pH • 6.5-9.0 
F.Col 1-2000/100*1

Ms Insten of the Mancos River, 
Including all tributaries, 
lakes, and reservoirs, fro* 
the source of the East, Vest 
and Middle Forks to Hwy 160.

Aq Life Cold 1 
Recreation 1 
Water Supply 
Ag rlculture

0.0. • 6.0 mg/1 
D.O. (sp)-7.0 m 
pH - 6.5-9.0 
F.Co!1-200/100*1

mg/1

0.0. - 5.0 mg/1 
pH - 6.5-9.0 
F.Col 1-2000/100*1

S-0.002 
B-0.75 
NO,-0.05 
NO,-10 
C1-250 
SO.-2 50

SO(Trec) 
TV$(tr)

As (ac 
Cd(ac 
Cd(ch)-TVS 
Cri11(ac)-50(Tree) 
CrVI(ae/ch)-TVS 
Cu(ac/ch)-TVS

ch)-300(d1s)
ch)-lOOd(Trec)
sc/ch)-TVS
ch)-s6(d1s)
ch)-lOOO(Trec) 
chi-0.01(Tree)

ac/ch)-TVS
ch)-lO(Trec)
aci-TVS
ch)-TVS(tr)
ac/ch)-TVS

5. Malnsten ef the Mancos River 
fro* Hwy 160 to the 
Coloredo/Mew Mealco border.

UP
Aq Life Wans 2 
Recreation 2 
Agrl culture

NH,(ee)-TVS
NM,(ch)-0.01
C1,(ac)-0.019
C1|(ch)-0.01l
CN-0.005

S-0.002
B-0.75
N0.-0.05

As(ch)-50 
Cd(ch)-1 
CrlII(ch)-100 
CrVI(ch)-25 
Cu(ch)-30

ch)-5100 
chi-25 
ch)-IOOO 
ch)-.05 
chj-100

Se(ch)-20 
Ag chi-.l 
Zn(ch)-150

All metals 
are Tree 
unless
otherwise
noted.

6. All tributaries to the Mancos 
River, Ineluding all lakes 
and raservolrs. from Hwy 160 
to tha Colorado/Naw Mealco 

____ border.________________________

Aq L1 fe Warn 2 
Recreation 2 
Agriculture

D.O.-S.O mg/1 
pH • 6.5-9.0 
F.Col1-2000/100*1

10400 s. ch; •20
50 Ag ch -.15
1000 In eh! •100
.05
200

Malnsten of McEIno Creek fro* 
the source to the 
Colorado/Uteh border.

UP
Aq Life Warn 2 
Recreation 2 
Agriculture

0.0. - 5.0 mg/1 
pH - 6.5-9.0 
F.Col1-2000/100*1

5- 0.002
6- 0.75 
NO,-0.05

As(ch)-S0
Cd(ch)-5
Crlll(ch)-
CrVI(ch)-:
Cu(ch)-19

(ch)-100 
* 25

Fe(ch
Pbich
Mnich
Hatch
Nlfch

All metals 
are Tree 
unless 
otherwise 
noted.

All tributaries to MeElmo 
Creek and the San Juan River 
1n Montezuma and Dolores 
Counties, Including all lakes 
and reservoirs, eacept for 
specific listings In Segments 
2 through 7.__________________

UP

Aq Life Wans 2 
Recreation 2 
Agriculture

0.0. - 5.0 mg/1 
pH-6.5-9.0 
F.Coll-2000/100 ml

Cu(ae/ch)-T 
Fe(ch)-2200(Tree) 
Pb)ec/chl-TVS

Malnsten of the San Juan 
River 1n Montezuma County.

Aq Life Warm 1 
Recreation 1 
Agriculture

D.O. • 5.0 mg.1 
pH-6.5-9.0 
F.Col1-200/100*1

NH,(ac)-TVS
NH,(ch)-0.06
C1.(ac)-0.019
Cl,(ch)-0.011
CN-0.005

5- 0.002
6- 0.75 
NOj-O.5

As(ac/ch)-TVS 
Cd(ac/ch)-TVS 
Cri 11(ac/ch)-TVS 
CrVI(ac/ch)-TVS

-TVS

Mn(ch)-l600(Trec) 
Hg(ch)-0.01(Tree)

/ch)-TVS
/ch)-TVS
/ch)-TVS



Page9 STREAM CLAS3IF:CATIONS an^ATER QUALITY STANDARDS

REGION] 9

BASIN: DOLORES RIVER

Stretro Segment Description

Doolg Classifications NUMERIC STANDARDS TEMPORARY
MODIFICATIONS

AND
QUALIFIERSPHYSICAL

ond
BIOLOGICAL

INORGANIC

ma/1

METALS

Ufl/1
1. All tributaries to thi

Oolorti Rlvor tnd West
Ooloret Rlvor, Including oil 
trlbutorloo, lakes, ond 
rotorvoln, which oro within 
th, Llitri Htid V11dtrn.il.

Aq LIfo Cold 1 
Rocrootlon 1
Wotor Supply 
Agrlculturo

0.0. - 6.0 mg/1
D.O. (sp)-7.0 mg/1 
pH - 6.5-9.0
F.Col 1*200/100ml

KH,(ec)-TVS
NH,(ch)-0.02
Cl.Uc)-0.019
C1a(ch)-0.011
CN-O.OOS

5- 0.002
6- 0.75
NOj-0.05
NO,-10 
C1-250
SO.-250

A»(.c)-50(Tr.c)
Cdi.c)-TVS(tr)
Cdfehl-TVS Crill(.c)-50(Tr.c) 
CrVI(,c/ch)-TVS 
Cuf.e/ehl-TVS

F.(ch)-300(d1.)
F.(ch)-1000(Tr.c)
Pb(.c/ch)-TVS
M1(ch)-S0(d1.)
Hn(ch)-1000(Tr.c)
Hafchl-O.OlITr.cl

N1
Se
Ag
*9
Zn

•c/ch)-TVS
ch)-lO(Trec)
•cj-TVS
ch)-TVS(tr)
ec/ch)-TVS

2. Hslnatem of tho Doloroo Rlvor
from tho tourco to o point 
1sr>od1oto1y obovo tho 
confluonco with Horto Crook.

Aq L1fo Cold 1 
Rocrootlon 2
Wotor Supply 
Agrlculturo

D.O.-6.0 mg/1 
0.0.(op)*7.b mg/1 
pH - 6.5*9.0
F.Col1-2000/100ml

KHj(ic)-TV$
,(ch)-0.02
Cl,(,c)-0.019
Cl,(eh)-O.OH
CN-O.OOS

S-0.002
B-0.75
N0.-0.05
NO,-10 
C1-250 
S0.-250

A.(ch-50
Cd(ch)-.4
Crll I (ch)-50
CrVI(eh)-25
Cu(ch)-6

Fe (ch)-lOOO
Pb(ch)-4
Kn(ch)-50(d1s)
Kncchj-1000
Hg(ch)-.05

N1(ch)-50
Se(ch)-10
Ag(ch)*.1 
Zn(ch)-100

All metels 
•r« Tr«c 
uniats
otharwlt*
nottd.

3. Holnotom of tho Doloroo Rlvor
from o point Imnodlotoly 
obovo tno confluonco with
Horoo Crook to o point 
Imoodlotoly obovo tho 
confluonco with Boor Crook.

Aq Llfo Cold 1 
Rocrootlon 2 
Agrlculturo

0.0.*6.0 mg/1
0.0.(op)-7.0 mg/1 * 
pH • 6.5-9.0
F.Col1-2000/l00m1

NH,(ec)-TVS
,(ch)-0.02
C)t(nc)-0.019
Clt(ch)-O.OU
CN-0.005

S-0.002
B-0.75
NO,-0.03

A.(ch-50
Cd(ch)-.4
Crl II(ch)-100
CrVI(ch)-25
Cu(ch)-14

Fe
Pb
Hn
h!

ch
ch
ch
ch
ch

•1000
-4
-1000
•.05
•SO

Se(ch)-20
Ag(ch)-.l
Zn(ch)-240

All mattls 
•r« Tr«c 
unlntt
othindit
notsd.

4. Holnotom of tho Doloroo Rlvor
from o point Israodlotoly 
obovo tno confluonco with
Boor Crook to tho brtdgo ot 
Brodflold Ronch (Forest Routo 
505) Includoo McPhee

Aq L1fo Cold 1 
Rocrootlon I
Wotor Supply 
Agrlculturo

0.0.-6.0 mg/1D.O.(tp)-7.6 mg/1 
pH • 6.3*9.0
F.Col1-200/l00m1

NH,(ec)-TV$
NHj(ch)-0.02
C1a(ec)-0.019
C1a(ch)-0.011
CN-O.OOS

$-0,002
B-0.75
N0,-0.05
NO,-10 
C1-250 
SO,-250

Ai(.c)-50(Tr.c)
Cd(.c)-TVS(»r)
Cd(ch)-TVS
CrlII(.c)-50(Tr.c) 
CrVI(ac/chl-lVS 
Cu(.c/eh)-TVS

Fe
Fe
Pb
Hn
Hn
Hg

ch)-300(d1t)
ch)-lOOO(Trec)
•c/ch)-TVS
ch)-SO(dls)
ch)-lOOO(Trec)
ch)-O.Ol(Trec)

N1
Se
Rb
5®
Zn

•c/ch)-TVS
chj-lO^Trec)

ch)-TVS(tr)
•c/ch)-TVS

5. All trlbutorloo to tho
Doloroo Rlvor ond West
Doloroo Rlvor, Including oil 
lokoo ond rooorvolro, from 
tho oourco to o point 
Irmedfetely bolow tho 
confluonco with tho Woot
Doloroo Rlvor except for 
opodftc llotlngo In Segments
1 ond 6 through 10| molnotoa 
of Boovor Crook (Including 
Plotoou Crook) from tho 
oourco to tho confluonco with 
tho Ooloroo Rlvor.

Aq Llfo Cold 1 
Rocrootlon 2
Wotor Supply 
Agrlculturo

0.0. - 6.0 mg/1 
0.0.(sp)-7.0 mg/1 
pH • 6.5-9.0
F.Col1-2000/100ml

NH,(ec)-TVS
NHjichl-0.02
C1t(tc)-0.019
C1a(ch)-0.011
CN-0.005

5- 0.002
6- 0.76
NO,-0.03
NO,-10 
C1-250
SO,-250

At(ch)-50
Cd(ch)-.4
CrlI1(ch)-SO
CrVI(ch)-25
Cu(ch)-5

Fe
Fe
Pb
Hn
Hn

ch
ch
ch
ch
ch

•300(d1t)
• 1000
• 4
•50(d1t)
-1000

Kg(ch)-.OS
Nl (ch)-SO Se(chj-10
Ag (ch)-.l 
Zn(ch)-50

All m«tt1t |
•r« Tr«c 
unless
otharw!s« 
notnd.

6. Holnotom of tho Sloto Crook
ond Coko Ovor Crook, from 
tholr oourcoo to tholr 
confluoncoo with tho Ooloroo 
Rlvor.

-

Aq L1fo Cold 1 
Rocrootlon 2
Wotor Supply 
Agrlculturo

0.0. • 8.0 ng/1
D.O.(,pl-7.0 ng/1 
pH • 6.5-9.0 
r.Co11*2000/100.1

KH,
KH,
«,
Cl,
CH-

[ec)-TVS
ch)-0.02
cci-0.019
ch)-0.011
3.005

S-0.002
8-0.75
N0,-0.05
NO,-10 
C1-250 
S0.-250

A, (chi-50
Cd(ch)-1.1 
CrIII(ch)-SO
CrVI(ch)-25
Cu(ch)-17

Fe
F«
Pb
Kn
Hn

ch
ch
ch
ch
ch

-300(dU)
-1000
-4
-50(d1t)
• 1000

Hi

s«

Zn

ch)-.05
ch)-50
ch)-10
ch)-.l
ch)-50

All mntsls 
irs Tr«c
unless
otherwise
noted.

7. Holnotom of Cool Crook from
tho oourco to tho confluonco 
with tho Ooloroo Rlvor.

Aq Llfo Cold 1 
Rocrootlon 2
Wotor Supply 
Agrlculturo

0.0. - 6.0 mg/1 ‘ 
0.0.(tpj-7.0 mg/1 
pH • 6.5-9.0F.Col1-200/l00m1

NH,(ch}-0.02
C1a(ee)-0.019
Cl,(ch)-0.011
CN-0.005

5- 0.002
6- 0.75 
NOa-O.OS
NO,-10 
C1-250
SO.-250

A.(.c)-50(Tr.c)
Cdi.c)-TVS(tr)
Cd(ch)-TVS
CrlII(ac)-50(Tr«c) 
CrVI(tc/chl-TVS 
Cu(.c/chl-TVS

Fe(ch)-300(d1a) 
Fetch)-1000(Tree) 
Pb(ec/ch)«TVS
Hn (ch}-50(d1t)
Hn (c h)-1000(T ree) 
HQiehj-0.01(Tree)

N1(.c/ch)-TVS
S.(ch)-10(Tr.c)
Ag(.c)-TVS
Ag(ch)-TVS(tr)
Zn(.c/ch)-TVS

0. Holnotom of Horoo Crook from
tho oourco to tho confluonco 
with tho Doloroo Rlvor.

Aq Llfo Cold 1 
Rocrootlon 2
Wotor Supply 
Agrlculturo

D.O. • 6.0 mg/1
D.O.(ap)-7.0 mg/1 
pH - 6.3-9.0
F.Col1-2000/l00m1

KH,
KH,
Cl,
Cl,
CN-

•c)-TVS 
chi-0.02 
•ci-0.019 
ch)-0.011 

3.005

5- 0.002
6- 0.7S
NO,-0.05
NO,-10 
C1-250 
SO.-250

A.(ch)-SO
Cd(ch)-.4
Crll 1(ch)-50 •
CrVI(ch)-2S
Cu(ch)-22

Fe(ch)-300(dlt)
Fe(ch)-1000
Pb(ch)-4
Kn(ch)-50(d1s)
Hn(ch)-1000

Ha
Nl
Se
Ag
Zn

ch
ch
ch
ch
ch

-.05 
•50 
•10 
-.1 
• 100

All metels 
sre Tr«c
unless
otherwise
noted.

9. Holnotom of Sllvor Crook from
o point lnvnodlotoly bo low tho 
Town of Rlco'o wotor oupply 
dlvorolon to tho confluonco 
with tho Doloroo Rlvor.

UP
Aq Llfo Cold 2 
Rocrootlon 2 
Agrlculturo

0.0. - 6.0 mg/1 
D.0.(tp)-7.0 mg/1 
pH - 6.5-9.0
F.Col 1-2000/100.1

NH,(ec)-TV5
NHaich)-0.02
C1a(«c)-0.019
C1t(ch)-0.011
CN-0.005

5- 0.002
6- 0.75 
N0a-0.05

A*(ch)-50
Cd(ch)-6
Crllt(ch)-100
CrVI(ch)-25

Cu(ch)-20
Pb(ch)-16
Hn(ch)-1000
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Nl (ch)-50 
Se(ch)-20 
Ag(ch)-.l 
Zn(ch)-1400

All metels 
ere Tree 
unless 
otherwise 
noted.
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3.4.8 STATEMENT OF BASIS AND PURPOSE

I. Introduction

These stream classifications and water quality 
standards for State Waters of the San Juan River 
Basin including all tributaries and standing bodies 
of water and the Dolores River Basin including all 
tributaries and standing bodies of water south of 
the northern Dolores County line in all or parts of 
Archuleta, Conejos, Dolores, Hinsdale, La Plata, 
Mineral, Montezuma, Rio Grande and San Juan 
Counties implement requirements of the Colorado 
Water Quality Control Act C.R.S. 1973, 25-8-101 et 
seq. (Cum. Supp. 1981). They also represent the 
implemention of the Commission's Regulations 
Establishing Basic Standards and an Antidegradation 
Standard and Establishing a System for Classifying 
State Waters, for Assigning Standards, and for 
Granting Temporary Modifications (the "Basic 
Regulations")

The Basic Regulations establish a system for the 
classification of State Waters according to the 
beneficial uses for which they are suitable or are 
to become suitable, and for assigning specific 
numerical water quality standards according to such 
classifications. Because these stream 
classifications and standards implement the Basic 
Regulations, the statement of basis and purpose 
(Section 3.1.16) of those regulations must be 
referred to for a complete understanding of the 
basis and purpose of the regulations adopted 
herein. Therefore, Section 3.1.16 of the Basic 
Regulations is incorporated by reference. The focus 
of this statement of basis and purpose is oh the 
scientific and technological rationale for the 
specific classifications and standards in the San 
Juan River Basin.

Public participation was a significant factor in 
the development of these regulations. A lengthy 
record was built through public hearings held on 
May 14, 1981. A total of 10 entities requested and 
were granted party status by the
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• Commission in accordance with C.R.S. 1973, 24 4-101 
et seq. (Cum. Supp. 1980). A supplementary public 
rulemaking hearing was held September 15, 1981,
restricted to those issues raised by the changes in 
the Act contained in Senate Bill 10 (1981). Such 
Issues included but were not limited to: The
economic reasonableness evaluation required by 
25-8-102(5), the effect on water rights as required 
by 25-8-104; and the new considerations for the 
adoption of water quality standards required by 
25-8-204 C.R.S. 1973, as amended. The record 
established in these hearings forms the basis for 
the classifications and standards adopted.

II. General Considerations

1. These regulations are not adopted as control
regulations. Stream classifications and water
quality standards are specifically distinguished 
from control regulations in the Water Quality 
Control Act, and they need not be adopted as 
control regulations pursuant to the statutory 
scheme.

2. The Commission has been requested in public
hearings to rule on the applicability of these and 
other regulations to the operation of water
diversion facilities, dams, transport systems, and 
the consequent withdrawal, impoundment, non-release 
and release of water for the exercise of water 
rights. The Commission has determined that any 
such broad ruling is inappropriate in the context 
of the present regulations. The request does not
raise specific questions as to proposed
classifications and standards. However, the
Commission has taken into account the fact that 
some issues are unresolved in adopting 
classifications and standards. On January 5, 1981, 
the Commission adopted a policy statement on 
quality/quantity issues that addresses a number of 
these concerns. Finally, the Commission has
adopted these regulations in compliance with the 
requirements of the Water Quality Control Act that 
have bearing on these issues (See e.g.) sections 
102, 104, and 503(5).

10



III. Definition of Stream Segments

1. For purposes of adopting classifications and water 
quality standards, the streams and water bodies are 
identified according to river basin and specific 
water segments.

2. Within each river basin, specific water segments 
are defined, for which use classifications and 
numeric water quality standards, if appropriate, 
are adopted. These segments may constitute a 
specified stretch of a river mainstem, a specific 
tributary, a specific lake or reservoir, or a 
generally defined grouping of waters within the 
basin (e.g., a specific mainstem segment and all 
tributaries flowing into that mainstem segment).

3. Segments are generally defined according to the
points at which the use, water quality, or other 
stream characteristics change significantly enough 
to require a change in use classification and/or 
water quality standards. In many cases, such
transition points can be specifically identified 
from available data. In other cases the
delineation of segments is based upon best
judgments of the points where instream changes in 
uses, water quality, or other stream 
characteristics occur.

IV. Use Classifications — Generally

1. Initially, recommendations for stream segmentation 
and use classifications are a result of input from 
208 plans, water quality data and reports, the 
Division of Wildlife, and personal knowledge. 
After a basic outline of stream segments and use 
classifications was prepared, water quality data 
from a variety of sources was compared against the 
"table value" for the proposed use. "Table value" 
refers to the four tables attached to the "Basic 
Regulations"; In general, if the mean plus one 
standard deviation (x + s) of the available data 
for the segment indicated that a particular 
parameter did not exceed the "table value" for that
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recommended use, the "table value" was listed as 
the recommended standard for the parameter. If the 
x + s computation indicated that the instreara 
concentrations of the parameter exceeded the "table 
value" and yet the use to be protected by that 
parameter was in place, then the x + s value was 
recommended as the standard for that parameter.

Conversely, if the ambient quality (x + s) for a 
certain parameter exceeded the "table value" for 
the protection of a use, and there is information 
that the use is not in place, the use
classification was modified or temporary 
modifications to the parameters were established. 
Ambient quality is generally defined as the quality 
attributable to natural conditions and/or 
uncontrollable non-point sources.

One exception to the procedure just described is 
for whole body contact recreation (class 1). If an 
active domestic waste discharge was located on the 
segment in question, class 1 recreation was not 
recommended regardless of the ambient quality, 
unless there was information to show that the 
segment was actually used for swimming. This 
policy was established by the WQCC in order to 
avoid penalizing a discharger for protecting a use 
which is not in place and to limit possible harm to 
aquatic life due to chlorine residuals.

2. The use classifications have been established in 
accordance with the provisions of Section 203 of 
the Mater Quality Control Act and Section 3.1.6 and 
3.1.13 of the Basic Regulations.

3. In all cases the basic regulation has been
followed, in that an upstream use cannot threaten 
or degrade a downstream use. Accordingly, upstream 
segments of a stream are generally the same as, or 
higher in classification than, downstream 
segments. In a few cases, tributaries are
classified at lower classifications than mainstems, 
where flow from tributaries does not threaten the 
quality of mainstem waters and where the evidence 
indicates that lower classification for the
tributaries is appropriate.
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There have been no "High Quality Class 1 
designations assigned in this basin.

5. The Commission has determined that it has the 
authority to assign the classification "High 
Quality Waters - Class 1" and "High Quality Waters 
- Class 2" where the evidence indicates that the 
requirements of Sections 3.1.13(l)(e) of the basic 
regulations are met. The appropriateness of this 
classification has been determined on a
case-by-case basis. Streams have in some cases 
been classified "High Quality - Class 2" for one or 
more of the following reasons:

(a) to facilitate the enjoyment and use of the scenic 
and natural resources of the State in accordance 
with tie Legislative Declaration of the Colorado 
Water Quality Control Act (25-8-102(1) C.R.S. 
197 3.

(b) to p r »vI 1 e a high degree of protection deserving 
of vlliemess areas which are a resource 
proving » unique experience.

(c) tier contain threatened species or apply to wild 
and t.enlc river study areas or wilderness areas.

(d) t:ie concern of the USFS that High Quality 2 
clatalfIcat Ion will unduly burden their 
mana t«a«nt of multiple use areas is not well 
f ou.vled. This is because activities on Forest 
Service ItnJ, i.e. grazing, mineral exploration, 
trail tnl road maintenance, are considered as a 
historical Impact upon existing ambient water 
qualtt* conditions, and are non point sources 
which are presently not subject to any Water 
Quality Control Commission regulations.

(e) a queation exists as to whether existing 
divert Ion structures can be maintained consistent 
with a Mlgh Quality - Class 1" designation. 
Because of the questions regarding authority to 
regulate 11 versions, the Class 1 designation was 
deemed potentially too rigid. The Commission 
recognlxes its authority to upgrade these 
segments If and when it is appropriate to do so.
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6. In accordance with 25-8-104, C.R.S. 1973, the 
Commission intends that no provision of this 
regulation shall be interpreted so as to supercede, 
abrogate, or impair rights to divert water and 
apply water to beneficial uses.

7. Qualifiers — Seasonal and Intermittant

These qualifiers have been used to more fully 
describe characteristics of certain stream segments.

8. Recreation — Class' 1 and Class 2

In addition to the significant distinction between 
Recreation - Class 1 and Recreation - Class 2 as 
defined In Section 3.1.13(1) of the Basic 
Regul it lo.n, the difference between the two 
clasalfl:«tIons in terms of water quality standards 
is tie fecal coliform parameter. Recreation - 
Class 1 ;en«rally has a standard of 200 fecal 
coliform per 100 ml; Recreation - Class 2
generally las a standard of 2000 fecal coliform per 
100 -si.

In a.-cor iaice with the Colorado Water Quality 
Control Act, the Commission has decided to classify 
as "Recreation - Class 2” those stream segments 
where prlsiry contact recreation does not exist and 
cannot be reasonably expected to exist in the 
future, regardless of water quality. The 
Commission hi* decided to classify as "Recreation - 
Cl.isa 1* oily those stream segments where primary 
contact recreation actually exists, or could 
reasonable be expected to occur. The reasons for- 
ti»e application of Recreation Class 2 are as 
follows:

(a) the »'K»italn streams in this region are generally 
unsuitable for primary contact recreation because 
of eater temperature and stream flows.

(b) Fee 11 coliform is an indicator organism. Its 
presence does not always indicate the presence of 
pathogens. This depends on the source of the 
fecal coliform. If the source is agricultural 
runoff as opposed to human sewage, there may be 
no health hazard and therefore no significant 
need to reduce the presence of fecal coliform to 
the 200 per 100 ml. level. Also, control of 
nonpoint sources is very difficult.
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(c) Treating sewage to meet the 200 per 100 ml. level 
generally means the treatment plant must heavily 
chlorinate its effluent to meet the limitation. 
The presence of chlorine in the effluent can be 
significantly detrimental to aquatic life. 
Post-treatment of effluent to meet the residual 
chlorine standard is expensive and often results 
in the addition of more chemicals which have a 
negative effect on water quality and can be 
detrimental to aquatic life. Therefore, reducing 
the need for chlorine is beneficial to aquatic 
life.

(d) Even where a treatment plant in this region might 
treat its effluent to attain the standard of 200 
per 100 ml., agricultural runoff and irrigation 
return flows below the plant may result in the 
rapid increase of fecal coliform levels. 
Therefore, the benefits of further treatment are 
questionable.

(e) The fecal coliform standard of 2000 per 100 ml.
has been established to provide general public 
health protection. There is no significant 
impact on domestic drinking water treatment 
plants because they provide complete 
disinfection. The standard of 200 per 100 ml. is 
not intended to protect the water supply
classification.

9. Water Supply Classification

The Commission finds that Colorado is a water short 
state and that it is experiencing considerable 
growth which places additional burdens on already 
scarce water supplies. These considerations 
mitigate in favor of a conservative approach to 
protecting future water supplies. Where existing 
water quality is adequate to protect this use, and 
in the absence of dischargers to these segments or 
testimony in opposition to such classification, the 
water supply use has been assigned because it is 
reasonable to expect that it may exist in the 
future in such cases. For stream segments that 
flow through, or in the vicinity of,



•municipalities, this conclusion is further 
justified, since there is a reasonable probability 
that the use exists or will exist. Where the water 
supply classification has been opposed, the 
Commission has evaluated the evidence on a site 
specific basis, and in many cases the
classification has been removed.

V. Water Quality Standards — Generally

1. The water quality standards for classified stream 
segments are defined as numeric values for specific 
water quality parameters. These numeric standards 
are adopted as the limits for chemical constituents 
and other parameters necessary to protect 
adequately the classified uses in all stream 
segments.

2. Not all of the parameters listed in the "Tables"
appended to the Basic Regulations are assigned as 
water quality standards. This complies with 
Section 3.1.7(c) of the Basic Regulations.

Numeric standards have been assigned for the full 
range of parameters to a number of segments where 
little or no data existed specific to the segment. 
In these cases, there was reason to believe that
the classified uses were in place or could be
reasonably expected, and that the ambient water 
quality was as good as or better than the numeric 
standards assigned.

3. A numeric standard for the temperature parameter 
has been adopted as a basic standard applicable to 
all waters of the region in the same manner as the 
basic standards in Section 3.1.11 of the Basic 
Regulations.

The standard of a 3° C temperature increase above 
ambient water temperature as defined is generally
valid based on the data regarding that temperature 
necessary to support an "Aquatic Life - Class 1" 
fishery. The standard takes into account daily and 
seasonal fluctuations; however, it is also 
recognized that the 3°C limitation as defined is
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'only appropriate as a guideline and cannot be 
rigidly applied if the intention is to protect 
aquatic life- In winter, for example, warm water 
discharges may be beneficial to aquatic life. It 
is the intention of the Commission in adopting the 
standard to prevent radical temperature changes in 
short periods of time which are detrimental to 
aquatic life.

4. Numeric standards for seventeen organic parameters 
have been adopted as basic standards applicable to 
all waters of the region in the same manner as the 
basic standards in Section 3.1.11 of the Basic 
Regulations. These standards are essential to a 
program designed to protect the waters of the State 
regardless of specific use classifications because 
they describe the fundamental conditions that all 
waters must meet to be suitable for any use.

It is the decision of the Commission to adopt these 
standards as basic standards because the presence 
of the organic parameters is not generally 
suspected. Also, the values assigned for these 
standards are not detectable using routine 
methodology and there is some concern regarding the 
potential for monitoring requirements if the 
standards are placed on specific streams. This 
concern should be alleviated by Section 3.1.14(5) 
of. the Basic Regulations but there is uncertainty 
regarding the interpretation of those numbers by 
other entities. Regardless of these concerns, 
because these constituents are highly toxic, there 
is a need for regulating their presence in State 
waters. Because the Commission has determined that 
they have uniform applicability here, their 
inclusion as basic standards for the region 
accomplishes this purpose.
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In many cases, the numeric water quality standards 
are taken from the "Tables" appended to the Basic 
Regulations. These table values are used where 
actual ambient water quality data in a segment 
indicates that • the existing quality is 
substantially equivalent to, or better than, the 
corresponding table values. This has been done 
because the table values are adequate to protect 
the classified uses.

Consistent with the Basic Regulations, the 
Commission has not assumed that the table values 
have presumptive validity or applicability. This 
accounts for the extensive data in the record on 
ambient water quality. However, the Commission has 
found that the table values are generally 
sufficient to protect the use classifications. 
Therefore, they have been applied in the situations 
outlined in the preceeding paragraph as well as in 
those cases where there is insufficient data in the 
record to justify the establishment of different 
standards. The documentary evidence' forming the 
basis for the table values is included in the 
record.

In many cases, instream ambient water quality 
provides the basis for the water quality standards 
(See 7 below). In those cases where the classified 
uses presently exist or have a reasonable potential 
to exist despite the fact that instream data 
reflects ambient conditions of lower water quality 
than the table values, instream values have been 
used. In these cases, the evidence indicates that 
instream values are adequate to protect the uses. 
In those cases where temporary modifications are 
appropriate, instream values are generally 
reflected in the temporary modification and table 
values are reflected in the corresponding water 
quality standard. (Goals are established for the 
appropriate classification affected by the 
parameter).
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Cases in which water quality standards reflect 
these instream values usually involve the metal 
parameters. On many stream segments elevated 
levels of metals are present due to natural or 
unknown causes, ■ as well as mine seepage from 
inactive or abandoned mines. These sources are 
difficult to identify and impractical or impossible 
to control. The classified aquatic life uses may 
be impacted and/or may have adjusted to the 
condition. In either case, the water quality 
standards are deemed sufficient to protect the uses 
that are present.

7. The Commission rejected the proposal to assign only 
"temporary" standards pending additional data 
collection to verify or modify values assigned. 
Concerned parties concurred that triennial review 
will lead to updating of standards as necessary. 
Furthermore, limited financial resources will be 
focused upon streams with permitted discharges.

In those cases where there was no data for a 
particular segment, or where the data consists of 
only a few samples for a limited range of 
parameters, "table values" were generally 
recommended. Data at the nearest downstream point 
was used to support this conclusion. In some 
cases, where the limited data indicated a problem 
existed, additional data was collected to expand 
the data base. Additionally, where there may not 
be existing data on present stream quality, the 
Commission anticipates that if necessary, 
additional data will be collected prior to a 
hearing required by C.R.S. 1973, 25-8-204(3), as
amended.
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9. In most cases in establishing standards based on 
instream ambient water quality, a calculation is 
made based upon the mean (average) plus one 
standard deviation (x + s) for all sampling points 
on a particular stream segment. Since a standard 
deviation is not added to the water quality 
standard for purposes of determining the compliance 
with the standard, this is a fair method as applied 
to discharges.

Levels that were determined to be below the 
detectable limits of the sampling methodolgy 
employed were averaged in as zero rather than at 
the detectable limit. This moves the mean down but 
since zero is also used when calculating wasteload 
allocations, this method is not unfair to 
dischargers.

Metals present in water samples may be tied up in 
suspended solids when the water is present in the 
stream. In this form they are not "available" to 
fish and may not be detrimental to aquatic life. 
3ecause the data of record does not distinguish as 
to availability, some deviation from table values, 
as well as the use of x + s, is further justified 
because it is unlikely that the total value in all 
samples analyzed is in available form.

A number of different statistical methodologies 
could have been used where ambient water quality 
data dictates the standards. All of them have both 
advantage^ and disadvantages. It is recognized 
that the x + s methodology also has weaknesses, in 
that the standard may not reflect natural 
conditions in a stream 100 per cent of the time, 
even though the use of x + s already allows for 
some seasonal variability. However the use of this 
methodology is nevertheless justified since it 
provides the most meaningful index of stream 
quality of all methodologies proposed for setting 
stream standards.
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Finally, the fairness and consistency of the use-of 
any methodology in setting standards must turn on 
the manner in which the standards are implemented 
and enforced. It is essential that there be 
consistency between standard setting and the manner 
in which attainment or non-attainment of the
standards is established based on future stream 
monitoring data. In addition the Division must 
take this methodology into account in writing and 
enforcing discharge permits.

10. No water quality standards are set below detectable
limits for any parameter, although certain 
parameters may not be detectable at the limit of 
the standards using routine methodology. However, 
it must be noted that stream monitoring, as opposed 
to effluent monitoring, is generally not the
responsibility of the dischargers but of the 
State. Furthermore, the purpose of the standards 
is to protect the classified uses and some 
inconvenience and expense as to monitoring is 
therefore justifiable.

Section 3.1.15(5) of the Basic Regulations states 
that "dischargers will not be required to regularly 
monitor for any parameters that are not identified 
by the Division as being of concern”. Generally, 
there is no requirement for monitoring unless a 
parameter is in the effluent guidelines for the 
relevant industry, or is deemed to be a problem as 
to a specific discharge.

11. The dissolved oxygen standard is intended to apply 
to the epilimhion and metalimnion strata of ,lakes 
and reservoirs. Respiration by aerobic 
micro-organisms as organic matter is consumed is 
the primary cause of a natural decrease in 
dissolved oxygen and anaerobic conditions in the 
hypoliranion. Therefore, this stratum is exempt 
from the dissolved oxygen standard.
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12. Where numeric standards are established based on 
historic instream water quality data at the level 
of x + s, it is recognized by the Commission that 
measured instream parameter levels might exceed the 
standard approximately 15 percent of the time.

13. It is the Commission's intention that the Division 
implement and enforce all water quality standards 
consistent with the manner in which they have been 
established.

14. Hardness/Alkalinity

Where hardness and alkalinity numbers differed, the 
Commission elected to use alkalinity as the 
controlling parameter, in order to be consistent 
with other river basins and because testimony from 
the Division staff indicated that in most cases 
alkalinity has a greater effect on toxic form of 
metals than does hardness.

VI. Water Quality Standards for Unionized Ammonia

On some Class 2 Warm Water Aquatic Life streams 
containing similar aquatic life communities to 
those found in the plains streams of the South 
Platte & Arkansas Basins, .1 mg/1 ammonia was 
selected as being appropriate to protect such 
aquatic life.

These streams generally contain both lesser numbers 
and types of species than those inhabiting class 1 
streams due to physical habitat characteristics, 
flow or irreversible water quality 
characteristics. The Commission felt that the 
incremental expense to meet a 0.06 rag/1 unionized 
ammonia standard for present or potential 
discharges along these streams cannot be 
justified. Low flow, in these segments is often 
intermittent or highly impacted by diversions.
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Specifically, the Commission has relaxed unionized 
ammonia standards to .1 mg/1 or greater on such 
streams for the following reasons:

1. limited nature of the aquatic life present;

2. limited recreational value of species present;

3. habitat limitations, primarily flow and 
streambed characteristics, that impose 
significant limitations on the nature of 
aquatic life, even if ammonia reductions were 
attained;

4. rapid dissipation of ammonia in streams,
reducing the impact of such discharges
downstream; and

5. economic costs of ammonia removal, especially
where such costs would fall primarily on 
publicly-owned treatment works, and while the
availability of construction grant funds is 
questionable.

6. Biosurveys with support from a bioassay
conducted on fathead minnows performed in the 
Cache la Poudre River, show that a .1 mg/1 
standard is appropriate to protect existing 
biota in that stream. The results of these
studies may be reasonably extrapolated to 
similar plains streams; i.e., those streams 
that demonstrate similar chemical, physical, 
and biological characteristics.

Not all warmwater streams are comparable in terras 
of flow habitat, and types and numbers of species 
of aquatic life. Therefore, some variations in an 
appropriate ammonia standard must be tolerated, 
with the objective of protecting existing aquatic 
life. The Commission found this approach 
preferable to totally removing the aquatic life 
classsification from impacted or marginal aquatic 
life streams.



VII. Water Quality Standards for Uranium

Given the threat that radioactivity from uranium 
may pose to human health, it is advisable to limit 
uranium concentrations in streams to the maximum 
extent practicable. The Commission has adopted a 
standard of 40 pCi/1 or natural background where 
higher, for the following reasons:

1. 40 pCi/1 generally reflects background 
concentrations of uranium that may be found in 
streams in Colorado and therefore this amount 
approximates routine human exposure.

2. The statistical risk of human health hazards is 
small at 40 pCi/1.

3. 40 pCi/1 is an interim level, established now 
pending the outcome of further studies currently 
underway.

VIII. Water Quality Standards for Cyanide

The Commission acknowledges that total cyanide is 
to be used in State Discharge permits until a 
method is authorized by EPA for measuring free 
cyanide, even though free cyanide is the parameter 
of concern. While cyanide has received special 
treatment in cases discussed in the segment - by - 
segment section which follows, a free cyanide 
standard based on Table Values has been established 
for most segments.

IX. Linkage of classifications and Standards

The Commission holds that the classifications which 
it adopts and the standards It assigns to them are 
linked. Disapproval by EPA of the standards may 
require reexamination by the Commission of the 
appropriateness of its original classification.
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■The reason for Che linkage is that the Commission 
recognizes that there is a wide variability in the 
types of aquatic life in Colorado streams which 
require different levels of protection. Therefore, 
the numbers were chosen in some cases on a site 
specific basis to- protect the species existing in 
that segment. If any reclassification is deemed a 
downgrading, then it will be based upon the grounds 
that the original classification was in error.

X. Economic Reasonableness

The Commission finds that these use classifications 
and water quality standards are economically 
reasonable. The Commission solicited and 
considered evidence of the economic impacts of 
these regulations. This evaluation necessarily 
involved a case-by-case consideration of such 
impacts, and reference is made to the fiscal impact 
statement for this analysis. Generally, a judgment 
was made as to whether the benefits in terms of 
improving water quality justified the costs of 
increased treatment. In the absence of evidence on 
economic impacts for a specific segment, the 
Commission concluded that the regulations impose no 
unreasonable economic burden.

XI. Classifications and Standards - Special Cases

1. Page 1, Segment 2 - San Juan River in Archuleta 
County (proposed as page 1, segment 2)

At issue was the recommendation contained in the 
Regional Water Quality Management ”208" Plan that 
flow deficiencies and silt attributable to the San 
Juan - Chama diversion limited use of the segment 
to agriculture. Although both warm and cold water 
species, including trout, were observed in the 
segment, the Commission found from the evidence 
that there was perennial flow sufficient to support 
the aquatic life use proposed.
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In view of controversy in the testimony concerning 
flow, the Commission considered the recommendation 
in the "208 Plan, yet classified the aquatic life 
use as class 1, cold water because other testimony 
indicated that recorded stream flows were ample to 
support aquatic life.

2. Page 2, Segment 8

This segment was incorporated into segment 5 of 
page 1.

3. Page 2, Segment 10

The "208'.' Plan was relied on by the Commission and 
no other evidence on this segment was presented.

4. Page 3, Segment 3 - Piedra River

The Commission retained the cold water aquatic life 
class 1 classification after finding that although 
one small portion of the segment may be
intermittent, due to diversion, it quickly remakes 
itself and the intermittent portion is very small 
compared with the total length of the segment. The 
Commission also notes that it's decision will have 
no impact on any discharger.

5. Page 4, Segment 2(a) and 2(b) Los Pinos River 
(proposed as page 4, segment 2)

The resegmentation recommended by the Division is 
consistent with segmentation described in the 
Regional "208" Plan.

6. Page 6, Segment 2 - Animas and Florida Rivers

This is a large segment, exhibiting many water 
quality variables throughout its length. Although 
there is some evidence of insect life at points in 
the segment, the evidence regarding the presence of
aquatic life is contradictory, and there is no
evidence of fish life being present. In the
absence of sufficient data to support the
classification of any portion of this segment for 
aquatic life, the current status is being retained 
and no aquatic life use is assigned. The Commision 
expects further information to be developed through 
studies sponsored by the Standard Metals 
Corporation and the Division.
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The Commission declined to assign an agricultural 
classification to the segment due to the absense in 
the record of any evidence of an agricultural use 
in the segment.

7. Page 6, Segment 6

Since Cement Creek and its tributaries are degraded 
by abandoned mine drainage and past discharges, the 
Commission did not assign aquatic and agricultural 
classifications to the segment as had been
proposed. The segment does not currently have an 
aquatic life classification, and thus the status 
quo is maintained. The Commission placed 
recreation in the class 2 category as the basic use 
and found no agricultural use to be in place.

8. Page 7, Segment 7

The Woodling Study indicates that Mineral Creek 
from its source to its confluence with South 
Mineral Creek is highly toxic due to mineralization 
and there is not a liklihood that the sources of 
that toxicity will be corrected in 20 years.
However the Commission concluded that there was 
likely to be aquatic life in that portion of 
Mineral Creek from below South Fork to Silverton. 
By changing the stream segment description such 
that it covers the mainstem of Mineral Creek 
including all tributaries from the source to a 
point immediately above the confluence with South 
Mineral Creek, the Commission was enabled to 
preserve the aquatic life classification on South 
Mineral Creek and the remaining portion of Mineral 
Creek into Silverton.
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9. Page 8, Segment 12(a) and 12(b) 
(proposed as page 6, segment 12)

Lemon Reservoir was resegmented as 12(a) for the 
purposes of classifying it Recreation Class 1 in 
recognition of known use appropriate to that 
classification.

10. Page 8, Segment 13(a) and 13(b)
(proposed as page 7, segment 13)

Segment 13 included Junction Creek. The
Resegmentation was to separate Junction Creek as 
13(a) so that different standards could be assigned 
to it to protect its use as a water supply for a 
fish hatchery. The Commission felt that the
testimony supported: (a) classification of the
stream for cold water aquatic life class 2 because 
of poor habitat and low flow conditions; and (b) 
assignment of numeric standards to protect the fish 
hatchery. The Commission felt that the use was in 
place and that the assignment of these standards 
was economically reasonable. It does not appear 
that discharges from trailer parks into this 
segment adversely impact this use. There was 
insufficient evidence in the record for the 
Commission to conclude that there would be any 
economic impact on such dischargers.

11. Page 8, Segment 15

Testimony was received by the Commission from the 
Purgatory Water and Sanitation District that the 
water supply classification was not applicable 
below the reservoir. The Commission concurred and 
determined that there should be no more than a 
class 2 aquatic life classification" for this 
segment because of its intermitant flow and poor 
habitat characteristics. It was recommended that 
recreation class 2, agriculture and water supply be 
designated for the protection of the reach above 
the reservoir. Despite opposition to the water 
supply classification by Purgatory Water and 
Sanitation District based upon the absence of such 
use below Duncan Reservoir, the Commission finds 
that the presence of this use at other locations 
justifies the classification. This should not 
impact the District because the numeric standards 
for protection of the use are less stringent than 
those for protection of aquatic life and should be 
met by the discharger without additional treatment 
facilities.
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12.. Page 11, Segment 3 - Dolores River in Dolores County

Even though the regional "208" Plan recommended 
that the segment be classified for a water supply 
use, the Commission received no testimony that 
there was such use in the segment. Because of high 
levels of manganese and the lack of evidence of in 
place water supply use, the Commission did not so 
classify the segment. Anaconda Corporation 
proposed numeric standards for silver and mercury. 
The Division recommended to the Commission that it 
not utilize the Anaconda proposals for those 
constituents because they were based on limited 
data, unusually high values, and questionable 
analytical techniques. It had not been documented 
that the levels of those constituents proposed by 
Anaconda had been routinely found in the stream. 
Due to this lack of certainity with respect to 
these metals values, the Commission did not choose 
to use the Anaconda data on mercury an silver.
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COLORADO DEPARTMENT OF HEALTH 
Water Quality Control Division 
4-210 E. 11th Avenue 
Denver, CO 80220

FISCAL STATEMENT

Stream Classifications and Water Quality Standards for State 
Waters of the San Juan and Dolores River Basins including all 
tributaries and standing bodies of water south of the northern 
Dolores County line in all or parts of Archuleta, Conejos,
Dolores, Hinsdale, La Plata, Mineral, Montezuma, Rio Grande, 
and San Juan Counties.

I. INTRODUCTION

The Water Quality Control Commission is charged with the responsibility to conserve, 
protect, and improve the quality of state waters pursuant to C.R.S. 1973. 25-8-101 
et seq.

The Commission is further empowered and directed to classify waters of the State and 
to promulgate water quality standards for any measurable characteristic of the water 
in order to protect both the uses in place and those that can be reasonably expected 
in the future. (25-8-203 and 25-8-204) The above-titled document assigns use 
classifications and standards for the state waters in the listed areas in accordance 
with the "basic regulations" adopted May 22, 1979-

The measurable fiscal impacts which may be caused by these regulations are as fol1ows:

Cost of construction due to requirements for increased levels of treatment 
by municipal waste treatment facilities;

Cost of construction due to requirements for increased levels of treatment 
by industrial/commercial waste treatment facilities;

Cost of Operation and Maintenance associated with increased levels of treatment 
required of municipalities;

Cost of instream monitoring and laboratory' analysis for new parameters added 
by the standards.

Dischargers will not be required by the adoption of these regulations to do stream 
monitoring. The state, federal and local agencies now doing instream monitoring will 
have some increased cost; however, any additional frequency should be done to improve 
state surveillance and would be needed regardless of standard changes.
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Water Quality Control Division
Fiscal Impact Statement - San Juan and Dolores River Basins
Page 2

The stream classifications and standards adopted by the Commission will protect the 
water uses primarily through control of point source pollution. Non-point source 
pollution will be controlled primarily through management practices which are in 
existence or which will be implemented in the future. Future management practices 
need careful consideration and may be the result of 208 area-wide wastewater man
agement plans developed by regional planning agencies and being updated annually.
These plans involve local governments with general assistance from state government.
Some of the possible non-point source pollution may be controlled through "Control 
Regulations" yet to be promulgated by the Commission. These types of controls 
could involve runoff from construction, mining activites, and urban areas. It is 
not certain what controls are needed at this time and there is no way that possible 
costs can be identified at this time.

Persons who benefit from standards which will protect existing and future anticipated 
uses can be identified as all persons benefiting from recreation, municipal water 
supply, and agriculture. These benefits are directly economic for agriculture, indus
try, and municipalities whose health benefit costs are reduced by having clean water, 
and are both economic and non-quantifiable for some uses such as fishing, recreation, 
and the aesthetic value of clean waters. Furthermore, benefits will result from human 
health protection and lack of debilitating disease. Figures have been developed for a 
recreation/fishing day which can be applied to that aspect of a water use; however, 
figures which have been developed for total recreation/fishing day uses have been 
developed statewide and could not be applied region-by-region or stream-by-stream.

The uses of water in this region are adequately protected by these standards. Most 
municipal treatment facilities and industrial facilities are currently adequate, or 
are already being upgraded, in order to meet previous requirements. Any additonal 
facilities or expansions in this reqion will generally be caused by increased capacity 
required because of population qrowths or industrial enlargement. Industries are 
required by federal statute to meet effluent limitations described as "Best Available 
Technology Economically Achie*able" (BATEA) by 1983 or 1984. For most major industries 
in this region, the water quality standards should not require treatment beyond these 
1imitations.

The fiscal impact of any requlatory decision must take into account only the incremental 
costs explicitly associated wit** the regulations as finally promulgated. Costs and 
expenditures associated with tse status quo, regulations of other regulatory agencies, 
or regulations already In effect should not be included in an assessment of the fiscal 
impact of the San Juan and Dolores River Basins classifications.

In addition, a distinction must be made between actual expenditures or dislocations that 
will be immediately or unavoidably necessary upon promulgation of these classifications 
and standards, and those costs which are speculative in nature. In keeping with 
concepts of 'Expected Value', It Is proper for the Commission to place more emphasis 
on definite impacts.



Water Quality Control Division
Fiscal Impact Statement - San Juan and Dolores River Basins
Page 3

V/i th the passage in 1981 of Senate Bill 10, amending the Colorado Water Quality 
Control Act, it became incumbent upon the Water Quality Control Commission to 
consider the economic impact of their decisions with more emphasis placed upon 
the concept of the "Economic Reasonableness". Supplementary hearings were held 
by the Commission on the San Juan and Dolores River Basins to consider the new 
provisions of the Act. Charged with such a mandate, the Commission was quite 
sensitive to the objective of minimizing the socio-economic "price" of clean 
water while adhering to the anti-degradation policy that water quality be preserved 
and protected in all cases, and improved wherever feasible.

The analysis and data which follow are derived primarily from testimony and 
exhibits offered by interested parties during the course of the rulemaking 
hearings. This was supplemented by staff assessments of potential impacts upon 
other major entities who were not formally represented. The impacts are separately 
presented for the public and private sectors. No attempt has been made to identify 
future development costs as this type of data is not readily available and estima
tion techniques are dependent upon nany highly subjective assumptions.

1 I . FISCAL IMPACT: PUBLIC StHDR

The primary fiscal impact upon t r»e public sector in these basins involves the 
potential for increased domestic wastewater treatment costs associated with the 
stream classificat ions and water quality standards. Other costs, such as tax and 
employment base impacts due to forqone industrial development opportunities or 
mitigated growth potentials, can t>e theoretically postulated but are difficult 
to quantify. Generally, it is rrconnized that higher tap fees, service charges 
or property taxes associated wit* increased treatment costs can potentially affect 
industrial and residential siting decisions. While the Commission acknowledges 
the existence of such potentials. the lack of firm evidence and actual tax base 
impact estimates make deliberative assessment impractical.

In these basins the Commission acknowledged five municipalities that could be 
potentially impacted: Duranqo. forest Lake, Bayfield, Ignacio, and the Purgatoire 
Water and Sanitation District. in each case, the ammonia standard was the controlling 
factor. Additional data led to th* conclusion that Durango should not need to go 
beyond secondary treatment.

Low flow in the Pinos River enq/or increased treatment flows could cause an ammonia 
impact upon Forest Lake, Bayfield and Ignacio. Currently, secondary treatment 
is all that is required of these >**un i c i pa 1 i t i es under existing permits. None 
of these entities presented testimony that indicated an immediate or impending 
impact due to anmonia requirements so the actual fiscal impact, if any, cannot be 
properly assessed.
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Water Quality Control commission
Fiscal Impact Statement - San Juan and Dolores River Basins
Page b

The Purgatoire Water and Sanitation District presented testimony indicating 
the necessity of tertiary treatment (AWT) at a cost of $480,000 if the stream 
were classified as proposed with an Aquatic Class One designation. This 
designation was not adopted so it is believed that Purgatoire will not incur a 
cost as a result of these classifications and standards.

III. FISCAL IMPACT: PRIVATE SECTOR

Several entities presented testimony regarding water rights issues but there 
was no firm evidence indicating any specific water rights impacts and no cost 
estimates were provided. These basins have a sparse industrial/commercia1 
density and it is believed that these regulations will have a minimal impact 
upon the private sector.

While metals standards could impose an impact upon unidentified entities, it 
is impossible to identify who they might be and to what extent they might be 
impacted. In any event, any active operation is already covered by permit and, 
in lieu of specific testimony, it must be assumed that no recognizable impacts 
will result from these classifications and standards.

In recognition of the benefits to be derived from protecting aquatic life and 
public water supply and that no immediate fiscal impacts will result from this 
regulation, it is concluded that the Commission acted in an economically respon 
sible and reasonable manner.
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PARTIES TO THE SAN JUAN RIVER AND DOLORES 
RIVER BASINS

1. Anaconda Copper Company

2. Purgatory Water and Sanitation District

3.

4.

5.

6.

7.

8. 

9.

10.

Climax Molybdenum

Pagosa Area Water and Sanitation District 

Golf Host West, Inc.

Eaton International Corp.

City of Durango 

Trout Unlimited 

Daniel McCarthy 

Chevron Resources, Inc.
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STATEMENT OF BASIS AND PURPOSE REGARDING THE ADOPTION OF NON-SUBSTANTIVE 
CORRECTIONS TO THE CLASSIFICATIONS AND NUMERIC STANDARDS FOR THE ARKANSAS, 
SAN JUAN AND DOLORES, RIO GRANDE AND SOUTH PLATTE RIVER BASINS.

In accordance with the requirement's of 24-4-103(4), C.R.S. 1973, the 
Commission makes these findings and adopts this Statement of Basis 
and Purpose.

The Commission at a public rulemaking hearing November 8, 1982, adopted 
clerical and editorial corrections to the Commission's current regulations 
numbered respectively 3.2.0, 3.4.0, 3.6.0, and 3.8.0. These regulations 
are contained in Article 3, Water Quality Standards, of the Policies, 
Regulations, and Guidelines of the Water Quality Control Commission.
(5CCR 1002-8)

In adopting these corrections the Commission considered the economic 
reasonableness of its action, except as specified the corrections in 
no way change the classifications and numeric standards originally adopted 
by the Commission. Other than written comment from the City of Westminster 
no testimony was offered at the public hearing.

The consolidated changes adopted by the Commission are included in this 
Basis and Purpose for information. The Secretary of State was provided 
corrected pages for each of the regulations as replacements for the 
regulations previously published.

Dated this 8th day of November, 1982 at Denver, Colorado.
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FISCAL STATEMENT

Regarding The Adoption of Non-Substantive Corrections To The Classifications 
And Numeric Standards For The Arkansas, San Juan and Dolores, Rio Grande and 
South Platte River Basins.

The Water Quality Control Commission found that clerical and editorial 
corrections to the Commission's current regulations numbered respectively 
3.2.0, 3.4.0, 3.6.0, and 3.8.0 have no fiscal impact.

Dated this 8th day of November, 1982 at Denver, Colorado.
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3.4.9 STATEMENT OF BASIS, SPECIFIC STATUTORY AUTHORITY. AND PURPOSE:

The provisions of 25-8-202(l)(a)(b) and (2); and 25 8 204 C.R.S. provide 
the specific statutory authority for the numeric standards that were 

adopted.

The Commission also adopted in compliance with 24—4—103(4) C.R.S. the 
following statements of basis and purpose and fiscal impact.

BASIS AND PURPOSE - SAN JUAN AND DOLORES RIVER BASINS

The basis and purpose for the changes by segment is as follows:

Segment 6. Piedra River - This segment contains the lakes listed
“ for inclusion in the proposed Segment

7. In order to separate these lakes 
from this segment, the description must 
be changed.

Segment 7, Piedra River - The lakes listed are all fisheries and
” a majority of them are used for sport

fishing. Their present inclusion in 
Segment 6 does not represent their 
actual use, i.e., Class 1 Aquatic Life, 
or provide standards to protect this 
use. The Commission has classified all 
reservoirs in Segment 7 as Warm Water 
Class 1 instead of Cold Water Class 1 
on tne basis that: 1) all reservoirs 
are already heavily managed, including 
aeration; 2) trout have been introduced 
into the reservoirs and do not occur 
naturally; and 3) at least temperature 
excursions above that require for cold 
water classification occur.

The Commission notes that the data base 
supporting this change in 
classification to warm water Class 1 is 
not extensive and further water quality 
monitoring is encouraged.

Segment 15, Animas River - Studies conducted by the Water Quality
Control Division indicate that both 
Goulding Creek and Nary Draw are 
intermittent streams more appropriately 
classified under Segment 15 than under 
Segment 12a. The change in the 
description of Segment 15 will 
accomplish this and provide adequate 
protection of the uses.

Adopted: December 6, 1985
Effective: January 30, 1986
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Segment 8, La Plata River, 
Mancos River, McElmo Creek, 
and San Juan River

Change In basin description at' 
top of pages 9 and 10 of the 
Tables

The change in description to include 
Dolores County will include those 
streams which are unclassified under 
the existing description.

Change is needed to accurately reflect 
the streams included in this section 
with the change in description of 
Segment 8.

FISCAL IMPACT STATEMENT - SAN JUAN AND DOLORES RIVER BASINS

As these changes are in response to an increasing body of knowledge 
concerning accurate classifications of uses and the standards 
necessary to maintain those uses, they are not economically driven. 
The only discharger in the basins, Pagosa Area Water & Sanitation 
District, is moving their discharge from Pagosa Lakes and will not be 
adversely harmed by these standards. Recognition of higher 
classifications and inclusion of new classifications are benefits in 
light of the goals of the Water Quality Control Act and these 
regulations will serve to maintain and enhance those uses.
Recognition of intermittent streams and subsequent Class 2 
designations will have the potential of decreased treatment costs if 
development occurs near them in the future. As no adverse economic 
impact is anticipated by these regulations, and because they more 
accurately protect existing and potential beneficial uses, the 
Commission regards these changes as economically reasonable.

Adopted: December 6, 1985
Effective: January 30, 1986
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Amended April 7, 1986 Effective May 30, 1986 
Segment 3 of the Dolores River

3.4.10 BASIS AND PURPOSE:

At the triennial review of the San Juan and 
Dolores River Basins in May, 1985, the Water 
Quality Control Division pointed out that the 
Division had recently (April, 1985) granted 
a variance to'the limitation for cadmium in 
Anaconda Company's Rizo Mine discharge permit.
The underlying stream concentration which was 
used to support the variance was 0.002 mg/1, 
and was based upon an x + s calculation of 
fifteen cadmium data points above the St.
Louis ponds discharge collected in 1981.
The rationale for the variance anticipated 
the establishment of a revised cadmium standard 
through the established standards setting 
procedure of the Water Quality Control Commission, 
and noted that subsequent to that procedure, an 
amended discharge limitation in Anaconda*s 
discharge permit would be written.

This amendment initiates the standards setting 
process envisioned when the- cadmium variance 
was granted to Anaconda with the expectation 

* that the variance will expire upon adoption 
of a new standard.

The revision of the cadmium standard from 0.0004 
mg/1 to 0.0012 mg/1 is based upon a review of data 
supplied by Anaconda at stations D2 and D3 above 
the discharge point on the'Dolores River. Con
sideration was also given to the existing table 
value for cadmium at the ambient hardness levels 
in the river, and the draft position on cadmium 
is being considered by the Basic Standards Task 
Force.
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Amended April 7, 1986 Effective May 30» 1986 
Segment 3 of the Dolores River

FISCAL IMPACT STATEMENT:

The costs of attaining a cadmium stream standard 
fall to the Anaconda Company at the present time 
since they are the sole point source discharger 
to the segment- A new treatment system was 
installed at the St. Louis pond site in February, 
1984, and appears capable of producing an effluent 
of high enough quality to protect the stream 
standard during all flow seasons.

Other sources of cadmium enter the segment 
below Anaconda's discharge and account for 
a greater portion of mass loading to the 
segment than the permitted discharge. These 
sources are all- classed as nonpoint and include 
mineralized groundwater, drainage from abandoned 
mines, and runoff through tailings. It is con
ceivable that costs for cadmium loading reduction 
could accrue to owners of these sources at such 
time that a nonpoint source control program were 
implemented. The necessary investment to meet 
the proposed standard has already been made by 
Anaconda and that portion of the costs attributable 
to cadmium removal cannot be measured since all 
metals will be reduced by the method of treatment 
used.

Benefits to attaining the amended standard accrue 
to all users of the stream and also to Anaconda in 
the form of relaxed discharge limitations over those 
based on the" 0.0004 mg/1 standard. The amended 
standard should protect the uses of the stream 
as fully as possible since it is no less stringent 
than the upstream ambient quality and is compatible 
with the elevated hardness levels found in the river 
at low flows.
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3.4.11 STATEMENT OF BASIS, SPECIFIC STATUTORY AUTHORITY, AND PURPOSE; 
AUGUST, 1989 HEARING ON MULTIPLE SEGMENTS

The provisions of 25-8-202(l)(a), (b) and (2); 25-8-203; 25-8-204; 25-8-207 
and 25-8-402 C.R.S. provide the specific statutory authority for adoption of 
these regulatory amendments. The Commission also adopted, in compliance with 
24-4-103(4), C.R.S., the following statement of basis and purpose.

BASIS AND PURPOSE:

First, the Commission has adopted new introductory language for the tables, in 
section 3.4.6(2). The purpose of this language Is to explain the new 
references to "table value standards” (TVS) that are contained in the Tables. 
The other changes considered and adopted are addressed below.

A. Jurisdiction on Tribal Lands

On the issue of classifying and setting standards on tribal lands, the 
Commission was advised to classify and set standards as they would for waters 
on non-tribal lands with tha understanding that the Commission is not 
attempting to assert Jurisdiction or to usurp the authority of the tribe to 
classify and set standards for waters within the boundaries of the reservation.

B. Table Value Standards for Metals

San Juan, Segment 7; Los Pinos, Segment 4; Animas, Segment 5; 
Dolores, Segments 5 sad 7.

Numerical standards for metals for these segments have in most instances 
previously been based on tabla values contained in Table III of the Basic 
Standards and Methodologies for Surface Water. Table III has been 
substantially revised, effective September 30, 1988. A few of these segments 
had no new data to indicate that new table value standards are not 
appropriate. There are also same of these segments whose previous standards 
were based in part on ambient quality, since their quality did not meet old 
table values based on alkalinity ranges. However, these segments generally 
have much higher hardness than alkalinity, and the new table values (based on 
hardness-dependent equations) are now appropriate as standards.

C. New High Quality 2 Designations

San Juan, Segments 1, 5, and 9; Piedra, Segments 3 and 5; Los Pinos, 
Segment 2a; Animas, Segments 8a, 10, 11, 12a, 12b, and 14; La Plata, 
Segments 1 and 4; Dolores, Segments 4 and 10.

From the information available, it appears that the existing quality of these 
segments meets or exceeds the quality specified by the revised criteria in 
Table III, and new acute and chronic table value standards based thereon have 
therefore been adopted.
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Second, in addition to these standards changes, the use classifications have 
been revised where necessary so that each of these segments has the following 
classifications:

Recreation - Class 1

Cold Water Aquatic Life - Class 1

Water Supply

Agriculture

D. Existing High Quality 2 Segments; New Classifications and Standards

San Juan, Segment 4; Piedra, Segments 1 and 2; Los Pinos, Segment 1; 
Animas and Florida, Segment 1; Dolores, Segment 1.

These segments were alrealy described as High Quality Class 2, as all are 
wilderness and wild and scenic rivers. Available information Indicates that 
the parallel new High Quality 2 designation continues to be appropriate for 
each, along with new table value numeric standards and equations for cold 
water aquatic life claaslflcatlons, i.e., acute (trout) for cadmium and zinc 
and chronic (trout) for silver.

The following use clasalflest Ions, and associated table value standards, have 
been adopted for these segments:

Recreation - Class 1

Cold Water Aquatic Life - Class 1

Water Supply

Agriculture

E. New Use-Protected Designations; No Change in Numeric Standards

San Juan, Segments 1, 10, and 11; Piedra, Segment 6; Los Pinos, 
Segment 6; Animas and Florida, Segments 3, 4, 9, 13b, and 15; La 
Plata, Mancos, HcF.lmo, and San Juan, Segments 2, 3, 5, 6, 7, and 8; 
Dolores, Segments 9 and 11.

These segments all qualify for a Use-Protected designation based either on 
their present classiflcatlons or the existing standards contain three or more 
of the following metals parameters whose concentrations, based on total 
recoverable metals, indicate they may be worse than that specified in Table 
III for the protection of aquatic life class 1 use: cadmium, copper, iron, 
lead, or zinc.

42



F. New Use-Protected Designation; Table Value Standards

Piedr:-... Segment 7; Animas and Florida, Segment 13a.

These segments qualify for a Use-Protected designation based upon their 
classification. Previous standards were based on table values and no new data 
was presented to indicate new table value standards are not appropriate.

For these segments, acute and chronic table value standards have been adopted 
for arsenic, cadmium, chromium (III and IV), copper, iron, lead, manganese, 
mercury, nickel, selenium, silver, and zinc.

G. Revised Recreation Classification

San Juan, Segments 2 and 6; Piedra, Segment 4; Los Pinos, Segment 2b; 
La Plata, Segment 9

The recreation classification on these segments has been upgraded from Class 2 
to Class 1 (whole body immersion is likely) because the stream sampling data 
indicate that the fecal coliform standard 200/100 ml is not being exceeded, 
and conditions are normally considered suitable for swimming or intentional 
whole body contact. This action was taken in response to a concern raised by 
the EPA regarding segments not attaining "fishable/swimmable" uses.

H. Other Revisions

1. Los Pinos, Segments 3 and 5.

Based on stream sampling data for Segment 3, table value standards were 
established as were ambient standards for cadmium and lead. For Segment 5, 
ambient standards for cadmium and lead were added; table value standards were 
added for the remaining metals.

2. San Juan, Segment 9 (Four Corners Area)

Table Value Standards for metals have been adopted for this segment with the 
exception of total recoverable iron whose 50 percentile value is 2200 ug/1.
In addition, the recreation classification has been changed from Class 2 to 
Class 1 with a fecal coliform standard of 200/100 ml.

0486m/0025m/ 
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PARTY STATUS LIST 
OF

PUBLIC RULEMAKING HEARING 
AUGUST 7, 1989

NAME REPRESENTED BY MAILING ADDRESS TELEPHONE

1. The Southwestern Water
Conservation District, District

Richard L. Sisk Maynes, Bradford & Shipps 
P.O. Box 2717
1060 Main Avenue, Suite 103 
Durango, Colorado 81302-2717

303-247-1755

2. The San Juan County 
Mining Venture

William C. Robb
Welborn, Dufford, Brown & 303-861-8013

Tooley, P.C.
Suite 1700 
1700 Broadway
Denver, Colorado 80290-1701

3. The Pagosa Area Water and Jamea P. Collins
Sanitation District, "District”

Collins & Cockrel, P.C. 
390 Union Blvd.
Lakewood, Colorado 80228

Timothy J. Beaton 1507 Pine Street
Boulder, Colorado 80302

303-986-1551

303-447-0028
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3.4.12 STATEMENT OF BASIS. SPECIFIC STATUTORY AUTHORITY. AND PURPOSE;
FEBRUARY. 1990 EMERGENCY RULEMAKING HEARING

The provisions of 25-8-208 and 25-8-402 (5) C.R.S. provide the specific 
statutory authority for action on these regulatory amendments

BASIS AND PURPOSE;

The Commission held this emergency rulemaking hearing to readopt the 
classifications and numeric standards for the San Juan River and Dolores River 
Basins to correct errors in the original filing. The affected regulation was 
amended on November 7, 1989 and was filed within the required timeframes with 
the Secretary of State's Office and the Office of Legislative Legal Services. 
The Commission learned shortly after the filings that three (3) pages had been 
inadvertently left out of the regulation, and that a typographical error 
appeared throughout the classification and standards tables that are part of 
the regulation. The Commission office was able to correct the errors with a 
replacement filing with the Secretary of State's Office so that the regulation 
published in the CCR (Colorado Code of Regulation) correctly reflects the 
Commission's actions.

The Office of Legislative Legal Services notified the Commission that it could 
not accept the corrected materials as they had not been submitted within the 
20 day timeframe called for in section 24-4-103 (8) (d), C.R.S. of the "State 
Administrative Procedure Act". It was suggested that the Commission needed to 
repromulgate the rules that contained the errors submitted in November, 1989 
and resubmit them.

The Commission elected to proceed on an emergency rulemaking basis to avoid 
any confusion that could result due to the fact that the two filings are 
currently not the same. Therefore, the Commission adopted the corrected 
version of the regulation at an emergency.rulemaking hearing on February 6, 
1990. Final action on the readoption is scheduled for June 5, 1990.

1776m/0184m/cmc
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3.4.12 STATEMENT OF BASIS. SPECIFIC STATUTORY AUTHORITY. AND PURPOSE;

JUNE. 1990 RULEMAKING HEARING

The provisions of 25-8-202(1)(a), (b) and (2); 25-8-203; 25-8-204; 25-8-207
and 25-8-402 C.R.S. provide the specific statutory authority for action on 
these regulatory amendments.

BASIS AND PURPOSE;

The Commission held this rulemaking hearing to make permanant the emergency 
hearing that was held in February, 1990 to readopt the classifications and 
numeric standards for the San Juan River and Dolores River Basins to correct 
errors in the original filing. The affected regulation was amended on 
November 7, 1989 and was filed within the required timeframes with the 
Secretary of State's Office and the Office of Legislative Legal Services. The 
Commission learned shortly after the filings that three (3) pages had been 
inadvertently left out of the regulation, and that a typographical error 
appeared throughout the classification and standards tables that are part of 
the regulation. The Commission office was able to correct the errors with a 
replacement filing with the Secretary of State's Office so that the regulation 
published in the CCR (Colorado Code of Regulation) correctly reflects the 
Commission's actions.

The Office of Legislative Legal Services notified the Commission that it could 
not accept the corrected materials as they had not been submitted within the 
20 day timeframe called for in section 24-4-103 (8) (d), C.R.S. of the "State 
Administrative Procedure Act". It was suggested that the Commission needed to 
repromulgate the rules that contained the errors submitted in November, 1989 
and resubmit them.

The Commission elected to proceed on an emergency rulemaking basis to avoid 
any confusion that could result due to the fact that the two filings are 
currently not the same. Therefore, the Commission adopted the corrected 
version of the regulation at an emergency rulemaking hearing on February 6, 
1990.

1776m/0184m/cmc
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3.4.13 STATEMENT OF BASIS. SPECIFIC STATUTORY AUTHORITY AND PURPOSE: MARCH 1. 1993
HEARING:

The provisions of 25-8-202(1)(a), (b) and (2); 25-8-203; 25-8-204; and 25-8-402 C.R.S. provide the specific, 
statutory authority for adoption of these regulatory amendments. The Commission also adopted in 
compliance with 24-4-103(4), C.R.S., the following statement of basis and purpose.

BASIS AND PURPOSE:

The changes to the designation column eliminating the old High Quality 1 and 2 (HQ1, HQ2) designations, 
and replacing HQ1 with Outstanding Waters (OW) designation were made to reflect the new mandates of 
section 25-8-209 of the Colorado Water Quality Act which was amended by HB 92-1200. The Commission 
believes that the immediate adoption of these changes and the proposals contained in the hearing notice 
is preferable to the alternative of waiting to adopt them in the individual basin hearings over the next three 
years. Adoption now should remove any potential for misinterpretation of the classifications and standards 
in the interim.

In addition, the Commission made the following minor revisions to all basin segments to conform them to 
the most recent regulatory changes:

1. The glossary of abbreviations and symbols were out of date and have been replaced by an updated 
version In section 3.4.6(2).

2. The organic standards in the Basic Standards were amended in October, 1991, which was 
subsequent to the basin hearings. The existing table was based on pre-1991 organic standards and 
are out of date and no longer relevant. Deleting the existing table and referencing the Basic 
Standards will eliminate any confusion as to which standards are applicable.

3. The table value for ammonia and zinc In the Basic Standards was revised in October, 1991. The 
change to the latest table value will bring a consistency between the tables in the basin standards 
and Basic Standards.

4. The addition of acute un-ionized ammonia is meant to bring a consistency with all other standards 
that have both the acute and chronic values listed. The change In the chlorine standard is based 
on the adoption of new acute and chronic chlorine criteria in the Basic Standards in October, 1991.

Finally, the Commission confirms that in no case will any of the minor update changes described above 
change or override any segment-specific water quality standards.
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3.4.14 STATEMENT OF BASIS. SPECIFIC STATUTORY AUTHORITY AND 
PURPOSE. SEPTEMBER 7. 1993;

The provisions of 25-8-202(1)(a), (b) and (2); 25-8-203; 25-8- 
204; and 25-8-402 C.R.S. provide the specific statutory authority 
for adoption of these regulatory amendments. The Commission also 
adopted in compliance with 24-4-103(4), C.R.S., the following 
statement of basis and purpose.

BASIS AND PURPOSE:
*

On November 30, 1991, revisions to "The Basic Standards and 
Methodologies for Surface Water",. 3.1.0 ( 5 CCR 1002-8), became 
effective. As part of the revisions, the averaging period for 
the selenium criterion to be applied as a standard to a drinking 
water supply classification was changed from a 1-day to a 30-day 
duration. The site-specific standards for selenium on drinking 
water supply segments were to be changed at the time of 
rulemaking for the particular basin. Only one river basin, the 
South Platte, has gone through basin-wide rulemaking since these 
revisions to the "Basic Standards". Through an oversight, the 
selenium standards was not addressed in the rulemaking for this 
basin and has since become an issue in a wasteload allocation . 
being developed for segments 15 and 16 of the South Platte. 
Agreement on the wasteloads for selenium is dependent upon a 30- 
day averaging period for selenium limits in the effected parties 
permits. Therefore, the parties requested that a rulemaking 
hearing be held for the South Platte Basin to address changing 
the designation of the 10 ug/1 selenium standard on all water 
supply segments from a 1-day to a 30-day standard. The Water 
Quality Control Division, foreseeing the possibility of a 
selenium issue arising elsewhere in the state, made a counter 
proposal to have one hearing to change the designation for the 
selenium standard on all water supply segments statewide. The 
Commission and the parties concerned with South Platte segments 
15 and 16 agreed that this would be the most judicious way to 
address the issue.

The change in the averaging period may cause a slight increase in 
selenium loads to those segments which have CPDS permits 
regulating selenium on the basis of a water supply standard. L 
However, these segments sure only five in number and the use will 
still be fully protected on the basis that the selenium criterion 
is based on 1975 national interim primary drinking water 
regulations which assumed selenium to be a potential carcinogen. 
It has since been categorized as a non-carcinogen and new 
national primary drinking water regulations were promulgated in 
1991 that raised the standard to 50 ug/1.

The Commission also corrected a type error in the TVS for Silver 
by changing the sign on the exponent for the chronic standard for 
Trout from + 10.51 to - 10.51.
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DESCRIPTION OE THE RICO
lly Whitman Crosspuiit V. L. UaiiMiim!.

GEOGRAPHY AND GENERAL GEOLOGY" OE

lly Whiimuit Crush. •

l

INTRODUCTION.

The Kico quadrangle is situated in southwestern 
Colorado. about 50 miles west of the Continental 
Divide, in the zone bordering the San Juan Moun
tains, almost at the head of the Dolores River. It 
is bounded by meridians 10S° and 3 OS® 15' west 
longitude and parallels 37° 30' ami 37° *15' north 
latitude, embracing about 2oG square miles.

(JKNliUAl/ ltRhATIONS OF Till-: QUADRANGLE.

Relations to the plateau country.—The Rico 
quadrangle lies in the north-south zone that 
murks the eastern bonier of n very notable pla
teau surface whie.li covers the greater part of the 
area between the Colorado River in Uiah nnd the 
San Juan Mountains of Colorado. Below the 
gently undulating surface of this plateau many 
canyons have been carved by streams, one of the 
principal gorges being that of the Dolores River. 
Entering its canyon valley within the Rico quad
rangle this stream flows with irregular couree for 
about 13 miles in a southftosterly direction end 
then swings to n general north-northwest trend, 
which it maintains for over 100 miles to the 
Grand River.

The larger part of the plateau surface lying 
between the Dolores and Colorado rivers is culled 
the Great Sage Plain, while its direct continuation 
eastward and toward the head of the Dolores is 
unmed the Dolores Plateau.

This broad plain surface is due chiefly to a 
heavy sandstone, the Dakota (Cretaceous), and its 
undulations are in part structural, in harmony 
with the slightly varying dips of the sandstone, 
and in part owing to remnants of the soft, thick 
slutlc formation normally overlying the sandstone. 
The Great Sage Plain of Utah has a general eleva
tion of GOOD to 7000 feet above the sea. Eastward 
the Dolores Plateau gradually rises with the dip of 
the sandstone until, on the western border of the 
Rico quadrangle, it has nn altitude of over 0000 
feet. Beyond that line it rises mure rapidly ns the 
Dakota .sandstone and other.formations take part 
in the local structures of the Rico and Da Plata 
Mountains, to be described in detail.

JuthUions lo the San Juan Mountains.—The 
south western front of the volcanic San Juan 
Mountains lies C to 8 miles northeast of the Rico 
quadrangle. The intervening space is character
ized by irregular foothill topography, with features 
due in part, to the upturning and erosion of various 
sedimentary formations about the ancient San Juan 
center of uplift and in pari to large masses of intru
sive igneous rocks. These intrusions arc simitar 
iti character to those of the Rico Mountains.

No surface volcanic rocks of the San.hum suc- 
ccKfliou occur in the Kico quadrangle. It is prob
able, however, tlisit the San Juan voleanies once 
extended over this area and have been removed hv 
erosion. In support of this idea may be mentioned 
the fuel that only a few miles north of the Rico 
area, on the south slopes of the San Miguel Moun
tains, a line of high peaks which arc geoIngicaMv 
as well as topographically western outliers of the 
San .fu:in_ Muni Jains.. ri.'i*|nrnij« nf lb*. lw.i*ivr.ni:»l

Features of the Rico Mountains.—The small 
group of.mountains in the. uorihcnstc.ru section of 
the quadrangle, is in large degree ft local center of 
uplift winch is apparently independent of igneous 
intrusion; but it is also to an important extent 
characterized by many injected InccoUlhic mosses. 
The intrusive racks are of kinds common in the 
so-cnllcd Inccolithic mountain groups of the pla
teau country, embracing the La Plata, K1 Late, 
Carriso, Ahnjo, La fed, am! Henry mountains, 
most of which arc plainly visible from the Rico 
summits. This diameter of the Rico‘group was 
not recognized during the Hoyden Survey.

The sedimentary section.—In general the sec
tion of sedimentary formations exposed in the 
valley of the Dolores River is that normal to 
the zone al>out the San Jtinn Mountains. It is, 
for example, like that shown in the adjoining 
Tcllnridc quadrangle by the erosion of the Sun 
Miguel River, and extends from the Mnneos 
(Cretaceous) shales down into the Carboniferous 
red beds. But in consequence of the Rico uplift 
ami its bisection by (lie Dolores the lower Paleo
zoic formations are shown locally, nnd even cer
tain quartzites of the Algonkinn. Tho formations 
thus revealed in the Dolores Valley have the gen
eral diameter of the complete section more •per
fectly exposed in the Animas Valley, about 12 
miles to the cast. The Mesozoic formations are 
the same that characterize the canyons of v the 
plateau country to the west, but it is known 
that most of those formations exhibit progres
sive changes as distance from the Colorado moun
tain urea increases. These changes have not yet 
bocn.cxnmined in detail.

GROGRANIY AND TOfOGlUI’ll V OF THR QUAU- 
KANGU1

The Kico quadrangle presents three especially 
prominent types of topographic forms, each dom
inating a considerable part of the area. These not
able features arc (1) the Dolores Plateau, (2) the 
Rico Mountains, nnd (3) the Dolores Valley, with 
its many lateral brandies.

The Dolores Rlatcxiu.—The western half of the 
Rico quadrangle belongs to the Dolores Plateau. 
A glance at the topographic map shows that 
between the Dolores River ami Stoner Creek ther* 
is a gently inclined mesa crossed by tho western 
meridian of the quadrangle at nn elevation of 
about 9*100 feet. The flat crest of the narrow 
ridge between Stoner Creek and the West Dolores 
is clearly a remnant of the same plateau level and 
on the northern line of die quadrangle it appears 
again. ^

South of the Dolores the same notable mesa 
feature may be recognized. The actual extent of 
the mess* surface in the quadrangle may be most 
clearly appreciated by an examination of the geo
logical map, where its outline is shown by mentis 
nf the mapping of the distribution of the Dakota 
sandstone, its door. The mesa remnants are 
bounded hy distinct scarps formed by the sandstone.

The plateau feature gradually disappears as its 
sandstone floor conic's under (he influence nf the 
u-,i A>n.*.i ..r iu .,„.i i.,

the quadrangle the me*:* 
einely similar manner by 
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canyons have Uni carved by stiv.nns, otic of tin* 
principal gorges being ibat of the .Dolores .River. 
Entering its canyon valley within the Eieo quad
rangle this stream flows wilii irregular course for 
about IS mile* in a southwesterly direction and 
then swings to a general north-northwest trend, 
which it Maintains for over 100 miles to tin*. 
Grand River.

The larger part of the plateau surface lying 
between the Dolores ami Colorado rivets is called 
the Great Sage Plain, wliilo its direct continuation 
eastward and toward the head of tho Dolores is 
named the Dolores Plateau.

This broad plain surface is tine chiefly to n 
heavy sandstone, the Dakota (Cretaceous), ami its 
undulations are in part structural, in harmony 
wiih tlie slightly varying dips of the sandstone, 
ami in part owing to ruiiiiiiinls of the soft, thick 
shale formation normally overlying the sandstone. 
The Great Sage Plain of Utah has a general eleva
tion of GOOD to 7000 feet above the sen. Eastward 
the Dolores Ptutcau gradually rises with .the dip of 
tlie sandstone until, on the western bonier of the 
Rico quadrangle, it has an altitude of over 0000 
feet Beyond that line it rises more rapidly as tlie 
Dakota sandstone and other, forimitioitfi take part 
in the local structures of the Rico and lm Plata 
Mountains, to be described in detail.

Relations to the San Jttan Mountain*.—Tlie 
southwestern front of the volcanic San Jttan 
Mountains lies G to $ miles northeast of Uic Rico 
quadrangle. The intervening space is character
ized by irregular foothill topography, with features 
due in part to the upturning tuul erosion of various 
sedimentary formations about tlie ancient San Junn 
center of uplift and in part to large masses of intru
sive igneous rocks. 'These intrusions are similar 
in character to those of the Rico Mountains.

No surface volcanic rocks of the San .Tuan suc
cession occur in the Rico quadrangle. It is prob
able, however, that the Sun Juan voicenics Once 
extended over this area and have been removed bv 
erosion. In support of this idea may he mentioned 
the fact that only a few miles north of the Rico 
area, on the south slopes of the San Miguel Moun
tains, a line of high peaks which arc geologically 
ns well as topographically western outliers of tho 
Sun Juan Mountains, remnants of tlie horizontal 
surface lavas of that district, as well us great masses 
of intrusive rocks, are found. The base of tlie sur
face volcnnics in the Sun Miguel peaks stands at 
about 12,000.feet, which is higher than any por
tion of the Rico quadrangle except certain points 
in the local arm of uplift in the Rico Mountains. 
The Rico area is geologically related to the San 
Juan region chiefly in regard to pnt-Tertinry for
mations nml structure and the Quaternary ero
sion of streams heading on the San Juan flank.

. . .............................. l.t .U*- UttjOllItt.g

TVdtmdc quadrangle by the erosion of the 55au 
: Miguel Riwr. mu! extends front the Mnncog 
(Cretaceous) shales down into the Carboniferous 
red beds. Put ::i consequence of the Rico rjJifi 
and its bisection hy the Dolores the lower Paleo
zoic. formations are shown locally, and even cer
tain quartzites of the Aigonkkm. The formations 
tints revealed in tlie Dolores Valley hr.re tho gen
eral character of the complete section more \ycr- 
fectly exposed in tlie Animas Valley, about 1*2 
miles «n the oast. The Mesozoic formations are 
the same that characterize die canyons of the 
plateau country lo the west, but it is known 
thn: most of those formations exhibit progres
sive changes its distance from the Colorado moun
tain area increases. These changes have not yet 
beer, examined in detail.

GnOGUAl'IlY AXll TOI'OCKAPllY OF TMH Ql'AD- 
UANGf.R.

The Rico quadrangle presents three especially 
prominent types of topographic forms, each dom
inating n considcnihlo partof the area. These not
able features are (T) the Dolores Plateau, (2) the 
Rico Mountains, and (J) the Dolores Valley, with 
its many lateral branches.

The. Dolores Plateau.—The western half of die 
Rico quadrangle belongs to die Dolores Plateau. 
A glance at the topographic map shows that 
between the Dolores River ami .Stoner Creek there 
is a gently inclined mesa crossed hy Use western 
meridian of the quadrangle at :m elevation of 
about JM00 feet. The flat crest of die narrow 
ridge between Stoner Creek and die West Dolores 
is clearly a remnant of the same plateau level and 
on the northern line of the quadrangle it appeal? 
again.

South of the Dolores the sumo notable mesa 
feature umy be recognized. The actual extent of 
die mesa surface in the quadrangle may he most 
clearly appreciated by :m examination of the geo
logical map,-where its outline is shown by means 
of the mapping of the distribution of the Dakota 
sandstone, its door. The mesa remnants arc* 
bounded by distinct scarps formed by the sandstone.

Tlie plateau feature gradually disappears ns its 
sandstone floor comes under die influence of the 
local domal uplifts of the Rico and lav Plata 
mountains. The contours of the map clearly 
express die changing dip of the Dakota sandstone, 
ami with it the changing slope,of the mesa sur
face itself ns those mountains are approached. 
West of the Rico Mountains the dip. slope of the 
mesa reaches an elevation of 11,GOO feet on the 
ridge, west of Engle Peak. This corresponds 
closely to die level attained.by tlie similar plane 
on the cast side of Bear Creek, north of die La 
Plata Mountains, for across the southern part of
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' THE RICO QUADRANGLE.

A’liifitinn Crow,’mu! !*\ L. Knusoinc.

RAL GEOLOGY OF THE QUADRANGLE.

tty Whitman Cr«i?.«.

»*.—The sir,til the quadrangle the mosa floor is effected in pro- 
■uern section of ciscly similar manner by the uplift cf these motm- 
loral center of tains, the steeper stones of which Iicgin n mile or 
lent of igneous two south of the quadrangle line. Between the 
•portnm extent Kico amt Im Plata mountains the mesa is cut off 
vlifhic masses, by the Dolores Valley and dots not renpjKjnr on 
tuninon in the the eastern side heenuse of the upturning of nil 
jw of the plu- formations on tin? general line, under the influence 
•lata, K1 Kate, of tho broad San tTuan structure, 
n* mountains, Almost the cmire surface of these mesa or plu- 
from the Kico' teau remnants is covered by a forest growth in 
ico group was which white pine and aspen arc the chief elements. 
Mirvcy. The mesa holder soutliwest of Bear Creek is espo
»eml the sec- dally chnntcicrixod by n magnificent growth of 
.t*Q£od in the stately aspens. At lower levels pifton, white pine, 
•nt normal to cednr. ami scrub cak become more and more 
ntni.us. It is, prominent.
the adjoining Tho Kico A/mm/om*.—The summits of this com- 
n of the .San nnctand rather isolated group lie within nn oval 

the Mnncost area about 7 miles in diameter from east to west 
Carboniferous ! and 5 miles from north to south. The peaks are

Uico uplift nearly all included within the northeast section of 
loivor Pa Ico- the Kico quadrangle, but u few lie cast of the ouo 
nil oven ecr- J:undrcd and eighth meridian, in the Engineer 
he formations Mountain quadrangle.
mivc the gen- The topographic map of the quadrangle shows 
*n more per- the general character of the mountains 113 compared 
•y, about 12 with the plateau urea and the long Intend ridges of 
nnnlions are the Dolores Valiev. The special sheet exhibits 
vans of the { tho finer details of form and includes the peaks 
tt is known t»iti:n:etl i?wt of the quadrangle line, 
ihit progre?* From these nnjis it mny he seen that tlic Kirn 
•>rado inoun- Mountains consist of a circle of high and rugged 
>ave not yet* pct.k?, divided into two crrs>*rnt-*hnjv*d halve- Lv

F. M, Endiieh examined the district to the cast, 
the one luuidred and eighth meridian, passing 
through Telescope Mountain, being apparently the 
general western boundary of his field of work. In 
!$7fi \Y\ H. Holmes made a rapid rccoiiwiissmrc 
over the plateau country to the west. The compli
cated geology of the Kico uplift, coming on the 
border '/.one between the fields of different men 
working in different seasons, did not receive ade
quate attention, and the Hayden map of this area 
is, therefore, quite unsatisfactory.

.A Ji. Jutrhh and T. A. Kichard.—The only 
geological explorations of the quadrangle since (ho 
time of the Hayden Survey have been connected 
with mining developments in the Kico Mountains. 
In the course of descriptions of some of the min
ing pitqiertics near Kico there have been brief dis
cussions of the geology of tho mountain group. 
These discussions were for the most part founded 
on observations near and in the mines of New
man Hill. In iS‘.)*2 John II. Kartell read a pnj>cr 
before the Colomdo'Scicntific Society entitled "On 
tho Oro Deposits of Newman Hill, near Kico, Col

orado” (Proc. Colorado Sci. Soc., vol. 4, pp. 151- 
1G4). The description of the ore deposits was 
preceded hv some general remarks on the geology. 
Tim structure of the mountains was recognised by 
Parish as a domal uplift.

A detailed description of the Enterprise mine 
was published in 1S0C by T. A. Kirkard, then 
superintendent of die mine (Trans. Am. Inst. 
Min. Fag., vol 25, pp. 1)05-980). In this paper 
there arc hut few statements concerning the gen
eral in**b»*;v. Tho .’ram * •
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The agricultural development witliin the llieo 
quadrangle is limited to small areas of bottom 
land, principally in iho valley of the West Dolores 
and to a less extent- in that of the main river. The. 
level expanses of tin: plateau are not available 
for cultivation, Ixjcaitsc of the lack of water. They 
afford excellent grazing land in many places.

Metalliferous deposits in the Uico Mountains 
have led to extensive mining operations ami the. 
foundation of the town of Rico, situated on the 
river in the heart of the mountain group. The 
Rio Grande Southern Railroad crosses the quad
rangle, following the valley of the Dolores River.

DKSCUITTIVIC GEOLOGY.

THE HOCK h'OHMATIOyS.

SK1UJIKXTAlfV AND MKT.UlOI.Tf!tC KOl’KS.

A t.1 a K IA N SYSTKM.

^ Inlradiiclort/ xlntr.mcnl.—The rocks which are
• described ns Algonkian occupy n small urea in the

! (c,c* ** ^ . center of the Rico Mountains, whore they have

1&,-fe. (}-ece‘~b*nc‘u been exposed by the carving oT the Dolores Valley 

through the heart of the uplift. They comprise 
quartzites and quartzitio schists ami are similar to 
the series of rocks exposed in the Uncompahgre 
Canyon mi the north side of the San duan Moun
tains ami in the Needle Mountains on the south 
side of the San duan. In the latter region they 
were represented on the Hayden map as “lucta- 
morphic Paleozoic.”

The quartzites of the Animas Canyon section 
through the Needle Mountains have been examined 
by Emmons and Van lJise, who have assigned 

^them to the Algonkian system. The correctness 
of this assignment, is confirmed hy recent work of 
the Geological Survey in the Needle Mountains 
and the discovery of Cambrian fossils in the lowest 
Paleozoic formation of that area, which rests tmeon- 
forinnbly on the quartzites and other pre-Cambrian 
rocks. In the. Silvertou folio the quartzites, slates, 
and conglomerates of this ancient complex were 
ended the Imrumpahgrc formation. The Uncom- 
pahgrfe quartzites and slants arc iimlerlaiii in the 
Needle Mountains by a thick conglomerate called 
the Vulleeilo formation. The YallcciiO and the 
Uncnmpahgre together constitute the Needle Moun
tains group, according to the nomenclature pro
posed in the Needle Mountains folio.

UXCOMCAHO tilt VORMATtUX.

CVw/m/cr.—'J'he Algonkian rocks, very imper
fectly exposal at Rico, conslsL of quartzites arid 
quartzitic schists hairing small amounts of mien. 
The quartzites are found only in the valley of Sil
ver Creek, in small upthrust fault blocks, and are 
not distinguishable in c.Imrader from other massive, 
quartzites, to be described later, which are supposed 
to he oT Cambrian age; hut the visible thickness 
and the structural attitude of the Algonkian rocks 
make it impossible to refer them to the thin Cam
brian formation of this region. They arc while 
or tinged with brown, with occasional red or rusty 
hands. They are composed almost entirely of 
quartz, occurring usually in small, even-grained 
particles, but someiimew in the form of |tcbblcs 
less than an inch in d.iamoter. The rock is com
pletely indurated by the interstitial deposition of 
quartz, so that it. is now glassy quartzite, verv 
resistant to erosion. Distinct partings between the 
beds of quartzite arc nowhere (disen able in present 
exposures. However, the bedding or .stratification 
planes may frequently be made out from a study 
of the massive quartzites, where dilfcivueca of grain 
are found or where cross-budding is observable. 
RippliMnarked surfaces arc also occasionally seen.

Oceunrncc.—Thun! are six separate areas of 
quartzite in the valley of Silver Crock, and of, 
these our, tliat below Allvji Gulch. is certainly 
Algonkian, as must be inferred from its great 
mass; another, on the opposite side of Silver 
Onvk, is probably of that age; while dm others 
have linen assigned to tin- Paleozoic. In the plan*

elevations of 0200 and 9000 feet, showing a con
tinuous exposure at one jdaee to a thic.cjcss of 
#>() feet, though from the structure it i> probable 
dial a greater thickness is present. Tin* >.**\ke and 
dip may be determined in ibis region while
both are variable, the former is genera:!;.* about 
N. lO'-dO" K. and the latter is steeply toward the 
South of cast. On the. north, south, and *-e>*l the 
boundaries of ibis mass of quartzite are no: known, 
since, they arc covered bv surface debris: net from 
(ho adjacent occurrences of porphyry heinr.ging to 
the thick sill of Newman Hill it-is alums; certain 
that the. quartzite is limited on the souih and 
west hv faults, in the manner indicated eii the 
map. wiiilc on tlui north it- may conuec: undcr- 
iicmh the valley wash with iho quartzite cm (he 
north side of Silver Creek.

Within the area just mentioned the rocks arc very 
imperfectly exposed, except in local patches, Imt 
from tbisc mtd from the data derived from :unnels 
and prospects it is definitely known licit ti*.v north
ern limit, is along the Last Chance fault, which has 
n nearly cast-west course. The highest ex leisures 
arc near this fault, at aliout 9*100 feel, ::id the 
quartzite, can not extend much beyond this point, 
since green .shales and sandstones arc exposed at 
about the same elevation in the drew below the 
Alma Mater mine.

Character.—The remaining rocks of probable 
Algonkian age may be termed schists, sir.ee* they 
have a more or less distinct, foliated structure, not 
due to original bedding, but Ftipcriwluced by met- 
amorpliism under stress. In these schists the 
stratification may he made out in some cities by 
dificivuces in the character of adjacent bands, and 
to this structure the foliation is generally. though 
not always, parallel. Thu direction of foliation 
docs not vary greatly from east and west, and its 
jMi'iiion is nearly vertical wherever observed.

The schists are dense bluish-gray rocks, the foli
ation living caused by the arrangement o:‘ very 
minute particles of hiot.itu ami uuiiuoiite, no: recog
nizable to the unaided'eye. A delicate luster is 
visible on the planes of easier fracture, but the 
schistosity is never very highly developed ami the 
rocks often break readily across the structure with 
almost, couchoidal frecturc.

In a few places the rock has quite clearly the 
character of a mashed product, apparently derived 
from :t porphyry in which there were phe:i icrysts 
of quartz and fchlsjur. There is a slight develop
ment of tourmaline in such rocks.

Intruded into these, schists, in general parallel to 
the .structure, Imt sometimes crosscutting, are* many 
thin dikes; of a dark pnrphvritic rock. These are 
prominent, on both sides of the river, hut have not 
been found in the Algonkian quartzites nor ::i any 
Other rock than the schists; hence they are sup
posed to lie very old intrusions, independent of the 
oilier eruptions of the region. This idea := su!>- 
stnutiniod hy the mashing of some of the dikes. 
Stout, prisms of hornblende arc the only vuomi- 
nenl crystals of the rock. There is also much 
secondary hornblende and cjiidote revealed by the 
microscope. The former, subordinate feULpathic 
constituent is so much crushed and altered tiir.i the 
original character can not. he determined. Plagio- 
claso was probably predominant, over orihocinso.

Oer.anmac.—The Algonkian schists occur only 
in tlie DoloriN Valley just above llieo in small 
upthrust fault blocks, and the .structure ubou: tbcni 
is so complicated, as shown by the sjKviai .-heel, 
that the relations of the schists to the Algonkian 
quartzites and of the latter to smnirnroas of Paleo
zoic quartzites luivo imt been satisfactorily demon
strated in all eases.

CAM UK! AN (:) SYSTItU.

jonacjc* QVAiiTzira.

hd roducinnj stnlr.mcnl.—'The lowest, member of j 

the Paleozoic section displayed in the Rico Moun
tains is a quartzite which was grouped w;::: the 1 

overlying limestone in the Rico report, hotit Kang J 
referral to the Devonian, though wi:h a r-«rv::M

malion deserving recognition 
quartzites and die Devonian 
intermediate ft reunion eonsist* 
Animas Valley, of thin-hedd 
calcareous sha!«= wit.li viiryim 
quartzites, the whole less than 
ness. Krsigmei:^ of fi.**li scales :* 
found in these'oc.'ts and ullltntig 
rally determinable forms have \* 
is considered probable. hy Dr. ( 
hay studied then.. that these i’o~ 
closely related t** fish remains or* 
kill formation of the upper D 
sylvania. It: the Milverton fob 
series of beds was named the 
The observation; made at. Kieo • 
presence of tJie Elbert beds at t 
is possible that :i.c limited ex|M«- 
or less metamorphosed condition 
have hindered recognition of 
features of this formation.

The lowest li:’.ic.logic division 
section in the Animas Valley is i 
ites, and varies in thickness IV* 
to 200 feet. A single fo*dl sin 
Clinrles D. Wnk-Gtt as Obuhtx sj* 
certain Upper Cambrian species, 
these quartzites, and therefore it 
last to refer tin? formation to th 
iogan scries of the Cambrian, 
folio tiiis was named the Ignaei' 
its occurrence near the Jguario J. 
necr Mountain quadrangle.

The- Jynnvio l (</ JitfM.--Til
provisionally referred to the \i 

may he seen in :!;e bed of ihu D 
above Rico :md along the weyt. Iia 
These, strata dij*» a: an angle, of u I' 
ward, passing under the minerali 
tin*. Atlantic Cable claim. They 
beiuxitii that limestone in (In*. !»• 
the. claim mentioned. It- is pr» 
quartzite.- reach a ihiekiietss of at. !

'Plus basal quartzite is a ma.- 
dense and higliry indurated. In 
yellow-white wits: red and brown 
a slight variation in grain, the mas- 
huing fairly homogeneous. The 
sometimes discernible, t.hough u 
hy jointing and rifling. Thu I* 
clearly distinguishable from the Aj 
itc except hy its more regular l»«*d* 
eonformahlu attitude wliich it. Im- 
Iving l*uli:0Zoic rurks.

Occurrence.—Tiui most, clearly 
ites of the. Ignacio ibrinatkm occur 
the Dolores River, just north of Ri 

‘the Smelter fault. Certain other i, 
are associated with Algonkum sehi.- 
of the river near :iic Last Chance 
lurcn referred to rids formation. Sit 
ites, m:ipjH:d as Devonian on thcspi-. 
panying U»ft Uico report, occur ii 
Silver Creek. These quartzites se* 
eonformit.y witli :lie Carbouifcrmi.' 
man Kill. .If they arc Cumbrian 
absence of the Devonian limeston 
musi ho explained. In the Rico r 
tite redder must be referrod for fm 
of tJiis question, i: was assumed ilm 
limestone had i;eon removed hy • 
point before the deposition of the 
honiferotisj.

1 o:v< ».\a ~c.\ j; hi »• i KKia »US i:* 

oi.t.ay uuksto.vk.

Name and drr.iiiiron.—''The pros* 
niau .strata in sor.thwtsiern Cohn 
rtjcognized in IS7-J. tiiroogh e»illii*: 
made hy F. M. K::diicli,of the llay*l 
the southern slr.pes of the .Wvdf 
The name Ouray liaav::one was prop 
Spencer, In 19t>». .»f:er the strata h; 
snninetl ill eonncvdon wtf.lt the 1ft 
Survey work, frr.m !lie Imvu i*f <> 

o>*u!*«*rii herder •* •'*!i:*,!( is .• uoe*



f 9200 nm! 9500 feet, showing n con- 
■osure nt one place to n thickness of 

• m;;h from the structure it is probable 
•r Lliiclviicrs is present. The strike tint! 
determined in this region nml, while 
rinblc, the former is generally about 
K. and the latter is steeply toward the 
t. On the north, south, and west the. 
•f this mass of quartzite are nor. known, 
recovered by surface debris; hut from 

occurrences of porphyry belonging to 
II of Newman Kill it is almost certain 
mrtzitc is limited on the south and 
Its, in the manner indicated on the 
on the north it may connect under- 
alley wash with the quartzite on the 
•’ Silver Creek.
*• area just mentioned the rocks are very 
-xposed, except in local patches, but, 
.id from the data derives) from tunnels 
< it is definitely known that the north- 
dong the Last Chance fault, which has 
-west course. The highest rxjtosuros 
« fault, at about 9400 foot,-ami the 
not extend much beyond this point, 

dudes and sandstones are exposed at 
me elevation in the draw below the 
mine.

SCHIST.

—The remaining rocks of probable 
•40 may he termed schists, since they 
or less distinct- foliated structure, not 
.d tabling, but superinduced by ma
under stress. In these schists the 
tuny be made nut in some ease* by 
the chnnicter of adjacent bands, ami 

mrc. the foliation is generally, though 
parallel. The direction of foliation 
y greatly from cast and west, and its 
•arlv vertical wherever observed.
• are dense bluish-gray rocks, the feli- 
•*!insctl hv the arrangement of very 
los of hiotite am! uctinolile, not recog- 
•• unaided eye. A delicate luster is 
*e planes of easier fracture. Imt^thc 
m*vcr very highly developed ami the 
resile readily across the structure with 
•iihd fracture.
•laces the rock has quite dearly the

• mashed product, apparently derived 
yry in which there wens phcmifrests 
I fe.hhqwr. There is a slight dovelop- 
oaiiim in such rocks.

tin line's schixls, in genera! parallel to
! w». 111 * • I * j.jr c|> i.%?r"iO t * • 1 ••• ;»»•••

million deserving recognition occur? between the 
quartzites and the Devonian limestone. This 
intermediate formation consists, as known its 'he 
Animas Valley, of I bin-bedded limestones and 
calcareous shales with varying amounts of thin 
quartzites, the whole less than 100 feet in thick
ness. Fnigmenfs of fish scales and Imm-s have, been 
found in those, beds and although hut. a few specifi
cally determinable forms have yet been obtained, it 
is considered prnhahle l»y Dr. C. K. Kastman, who 
has studied them, that these, fossils arc identical or 
closely related to fish remains occurring in the Cals- 
kill formation of the tipper Devonian, in Penn
sylvania. Jn the Silvcrlmi folio the fish-bearing 
series of beds was named the Klhert formation. 
The observations made at ’Kieo do not indicate the 
presence of the KH»crt beds at licit locality, but it 
is possible that the limited exposures and the more 
or less metamorphosed condition of the rocks may 
have hindcml recognition of the characteristic 
features of this formation.

The lowest lithologic division of the Paleozoic 
Section in the Animas Valiev is made up of quartz
ites, and varies* in thickness from a few feet up 
10 200 feet. A single fossil shell, determined by 
Charles D. Walcott as Obohu sp.? and resembling 
certain Upper Cambrian species., ha? been found in 
these quartzites, and therefore it seems at present 
best to refer the formation to tlie upper or Sum- 
togan series of the Cambrian. In 1 he Silvcrtiui 
folio tins was named the Tgnacio formation, from 
jt? occurrence near the Ignacio Lakes in tin* Engi
neer Mountain quadrangle.

The Jynaciu beds til Hico.—The quartzites here 
provisionally referred to the Ignacio formation 
may lie seen in the bed of the Dolores Kiver just 
above llico and along the west hank of the stream. 
These strata dip at an angle of a few degrees south
ward, passing under tin: mineralized limestone of 
tlie Atlantic Cable claim. They wen*, encountered 
beneath that limestoni* in I he Imre h« >1o sunk on 
the claim mention!*!. It is prolmhlc tlmt tlie 
quartzites reach a thickness of at lens: 200 feet.

This basal quartzite is a massive rock, very 
dense and highly indurated. Its odors are dull 
yellow-white with nil am! brown stains. Then* is 
a slight variation in grain, the mass of the formation 
being fairly homogeneous. The stwlificiiiinu is 
Sometimes discernible, though usually obscured 
by jointing ami rifting. The formation is uni, 
clearly distinguishable from the Algnukian quartz
ite except hv its more r<*g;d::r bedding ami by the 
conformable, attitude which it beau? to (he over- 
lying Paleozoic ivrks.

0:'i'nrr>'nt'r.—'t he urns* rhtirly defined quartz- 
«• ..4,.i" < 1.1. 1.. .r, ..... . • t.. . •• < 1 •• . *

of Devonian age. It was supposed by Spence! 
that, (he whole limestone complex In question nr 
Ik* of Devonian age, hut a? will be shown, it I, 
been proved that an indefinite hut (subordinate 
of the most prominent limestone ledge 
Oursiy is Mississippi:!!!. Since it is impossih!c:i£g§?fc

dmw a line between tlie. two portions, the Ounifp>5^^^ 
become? a lithologic unit, transgressing the
boundary liotwecn the Devonian 

nu« systems. mm*
General hlhohujic chnrncln\—The Ouray 

mation as at present known lias n thickness 
ing from 100 to 000 foot. Tlie upper and mnjotf 

part of the formation is massive limestone, 
in one bed or with such thin intercalated shal ^ 

that the ability of the limestone to resist erosioi 
ami thus to cause liiesas, benches, and prominent] 

dills as characteristic topographic forms, is nlvrajsS 
notable. Jlclow the more, massive portion n Ihq 
or less of the section is made of well-bedded lionSI 
stone with distinct- shalv layers and, rarely, 
quartzites, between tliem. Some of the lovry^4jp'y‘* 
layers have a wavy tabling, some are aifnnceoic? 

or earlhy, and large chert concretions, free frwp 
fossil?, arc.common at a horizon near the 
The lowest stratum is characterized usually 
crinoid stems and rarely n cup coral.

Thc gre-ater part of the formation is dense, 
pact limestone, hut portions of the upper ledge 
coarsely crysialliuo. In general, llm rock is 
white, straw yellow, or Imlf, with local 
tones. Some of the lower I toil? are strongly 
low and these are commonly more or loss snmiV?£^*Epa.- 
Tho contrast with the durk-gr.iv, dense-iimestOD^&^^ 

of the Hermosa is marked, layers of such characters! 

occurring only near the base of the Onrav.
The Carboniferous portion of the Ouray is lid 

Ingintlly indistinguishable from the Devonian. % 
lutuntu and correlalion.—The Devonian iuvei&jl 

tebrate fauna of the Ouray occurs from near I 
base to n hurizon which in many places is not 1 

below the top of the upper, massive ledge. Tlitf 
w -enter numher of species occur in this upjwi 
horizon, hut many of them range to widun'^f! 

few feet of the base.
Tiic Missi.sxippian fauna has been found nt ssigi 

end lnealilicK in tin: Animas Valley in comsH 
crystalline beds near the lop of the formation.

Fossils have, not been found at Hico, but 
Iict*n obtained at Ounty and at Hovent) IniMlUitj* 
on the southern slope of the -San duun, *nchictn^^^|! 

tlmi wlicre Kmllich fii-st found a few chnrncier-^tfb*^
mwi?ii<* Devonian species.

'Hie iitvcrieliRiib fauna of the Devonian portioq^^Sj^ 

of the Ouray has been fully described by 0.



• •rmaldv «Hi (lit* quartzites nml ullirr piv-t’umbnuii
• icks. In (lit; •Silvcrton fulio the quartzites, .slates, 
;ud conglomerates of this ancient complex' were, 
•j 111 cm I l lie Uncumpahgrc formation. The Uncom- 
pahgrc quartzites ami slated are umlcrlain in the 
NVrdlo Mmmlains by a thick emiglomcnitc called 
the Vallecilo formation. The Vallecilo ami the 
Hiieompuhgir togntlnw constitute the Noodle Aroun- 
mius group, according to the nomenclature pro
posed in the Noodle. Mountains fulio.

UXC'OII’AHOKK KOltMATIO.V.

Character.—'Die Algonkian rocks, very imper
fectly ex|Ni5isl at Rico, consist of quartzites ami 
qiinrtzilie schists hearing small amounts of mica. 
The quartzites are fuuml only in the. valley of Sil
ver Crock, in small iifilltrust fault blocks, ami arc 
not distinguishable in diameter from oilier massive 
quartzites, to be described later, which are supposed 
i<i he of Cambrian age; hut the visible thickness 
ami the Structural altitude of the A Igonkian rocks 
make it impossible to refer them to llie’thin Cam- 
In'iaii furmalion of this region. They are white 
"i* tinged will. Iimwii, with'occasional rod nr rusty 
hamis. They are ewnposed almost entirely of 
quartz, occurring ifeuallv in small, even-grained 
parlieh's, Imt sonn-limcs in the form of pebbles 
h'Ss than an inch. in diameter. The roek is com
pletely indurated hv the intemtitial deposition of 
quartz, so that it. is now glassy quartzite, very 
resistant. to erosion. Distinct partings between the 
ImmIs of quartzite arc nowhere o.lisorvnble in present 
exposures. However, ihe bedding or stmtilicnlion 
planes may frequently he made out from a study 
of the massive ’quartzites, where differences of gntin 
are found or where cross-bedding i3 observable. 
Ripple-marked surfaces arc also occasionally seen.

Occurrence.—There inv six separate n res is of 
quartzite in the valley of Silver Creek, nml of 
these, une, thaL below Allyn Culoh, is certainly 
Algonkian, as must he inferred from its great 
mass; aimlher, on the. opjm.silo side of Silver 
Creek, is probably of that ago; while the others 
have been assigned to the Paleozoic In the place 
first mentioned the quartzites have their greatest 
development. They tire bounded on the cast by a 
well-marked fault, shown in the Eaxy mine; thence 
tuward the southwest they may he traced for a 
quartcrof a mile along the hillside, on the slope of 
which their oulcrojis arc to he seen between the

ainui being roused hv me arrangement <0 ver\ 
minute particles of Inutile and aetinolile, not rccog- 
nizaUe to the unaided eye. A delicate luster is 
visible on the planes of easier fracture, hut the 
Bchistosity is never very highly developed nml the 
rocks often break readily across the structure with 
almost conehoiditl fracture.

In n few places the rock has <pii(c dearly the 
character of n mashed product, apparently derived 
from a porphyry in which there wore phonucrysls 
of quartz and feldspar. There is a slight develop
ment of tourmaline in such rocks.

Intruded into these schists, in general |.nidle1 to 
the structure, hilt sometimes crosscutting, am many 
thin dikes of a dark porphyritic rock. These arc 
prominent on both subs of the river, but have not 
hi'Cn fuuml in the Algonkian quartzites nor in any 
Other rock than the schists; hence they arc sup
posed to be very oh! intrusions, independent of the 
other eruptions of the region. This idea is sub
stantiated by the mashing of some of the dikes. 
Stout prisms of hornblende arc the only promi
nent crystals of the rock. There is also much 
Scvomlnry hornblende and cpidolr revealed by the 
microscope. Tin; former subordiuulu fcM.spathie 
constituent is so much crushed and tillered that the 
original character can not be determined. Plagio- 
elase was probably predominant over ortlmelase.

Occurrence.— The Algonkian schists occur only 
in the Dolores Valley just above Rico in small 
upthrust fault blocks, ami tin; structure about them 
is so complicated, as shown bv the spceinl sheet, 
that the relations of the schists to the Algonkian 
quartzites and of the latter to smallarwis of Paleo
zoic quartzites have nut linen satisfactorily demon
strated in all crises.

cam mu an (?) systoi.

lll.VACIO qUAtiTZITK.

Introductory ntufcineni.—’fhc lowest member of 
the Paleozoic section displayed in the Rico Moun
tains is a quartzite which was grouped with the 
overlying limestone hi the Rico report, both being 
referred to the Devonian, though with n reserva
tion ns to the quartzite, since it-was recognized 
that that formation might be much older than the 
limestone. Recent investigations in the quadran
gles lying cast of the Rico have shown not only 
that the quartzites are probably of Saratognn 
(Upper Cambrian) age, but that another thin for-

TJiis Imsul quartzite is a massive mrk, very 
dense and highly indurated. Its colors are dull 
yellow-white with red and brown stains. There is 
a slight variation in grain, the mass of the formation 
being fairly homogeneous. The stratification is 
sometimes discernible, though usually obscured 
by jointing ami rifting. The formation is nut 
dearly distinguishable from the Algonkian quartz
ite except, by its more regular heddingand by the 
conformable attitude which it bears to tin; over- 
lying Paleozoic rocks.

Occurrence.—The most, clearly defined quartz
ites of the Ignacio formation occur in the vallev of 
the Dolores River, just north of Rico and sooth of 
the Smeller fault. CVrlaiu other quartzites, which 
are associated with Algonkian schists on both sides 
of the river near the Lust Chance fault, have also 
been referred to this formation. Still other quartz
ites. mapped ns Devonian on thcspiriai map accom
panying the Rico report, occur in the valley of 
Silver Creek. These quartzites seem to occur in 
conformity with the Carboniferous rocks of New- 
nuin Hill. If they arc Cambrian, however, the 
absence of tin; Devonian limestone, above (hem 
must be explained. In the Rico report, to which 
the reader must he referred for further discussion 
of this question, it was assumed that the Devonian 
limestone had been removed by erosion at this 
point before the deposition of the Hermora (Car
boniferous).

1»KVOS<K'Ai:tll».\'fPI-:MJlJ8 COCKS.

OL’ItAV LtilKSTOXK.

Name and definition.—The presence of Devo
nian strata in .southwestern Colorado wn.<? first 
recognized in 137*1, through collections of fossils 
made by F. M. Endlich, of the Hayden Survey, on 
the southern sln|»cs of the Needle Mountains. 
The name Ouniy limestone was proposed by A. C. 
Hpeneer, in 11*00, nfler the Simla had been reex
amined in connection with the U. S. Geological 
Survey work, from the town of Ourav, on the 
southern border of which is a prominent outcrop 
of the limestone.

The name was* proposed by Spencer for the 
Devonian limestone member of the pre-Carbon- 
iferous Paleozoic, excluding the quartzites and 
shales here called Lite Ignacio and Elbert fart na
tions, although they were thought to be possibly

horizon, Iml many of them range to within a 
few feel of the I inse.

The Mississippian fauna has been found al sev
eral localities in the Animas Valley in coarsely 
crystalline beds near ihe top of the formation.

Fossils have not been found at. Rico, but. have 
been obtained at. Ouray and at several localities 
on the southern slope of the San .Juan, including 
that where Endlteh first (bond a few uhnrucler
istic Devonian species.

The invertebrate fauna of the Devonian portion 
of the Ouray lias been fullv described by 
Girty, nml compared with .similar faunas hitherto 
collected in Colorado, Iml. not recognized as dis
tinct from the forms of the Mississippiau. It. is 
represented more or less fully in older culloeiiuiis 
from the Elk Mountains, at Glen wood ‘Springs on 
Grand River, near the head of White River, and 
On East. Monarch Mountain, Chalice County. Full 
correlations of the sections in these localities with 
that of the San Juan region can not. bo made, 
however, until further examinations have been 
carried out. Concerning the lituna Mr. Girty 
writes:

Iujp:ncr:il (tic Devonian fauna of the Ouniy belmigs 
to late middle or, more prnlmbly, (o upper Devonian 
lime. H> is but dislatilly rein led to. the Devonian 
faunas of New York, and its relation with llmse *»f the 
Mississippi Valley, or even with oilier known western 
Devonian faunas, is not close. It Shows many points of 
appioxiiitatiun to the Atlmluisisin faima duserilted by 
Whilnivcs, and is somewhaL strikingly similar to tin: 
Devonian of Russia.

The following named species nre particularly 
chanictcristic of the Devonian portion of the 
Ouniy fauna:

Schiichcrlclla CI*r»»»m"enstA CnmnrvNrctii.n Rmlllrld. 
I'rKlucti'llnKHiiiuli'lNifik Ouunrut*rchtn ii'iilmdnt
Allivi’U Coloradoi-iona. N id leu pub? Imitiili,.
S|*irift;r cnnicultiA. Urdioctrnn #p.
fcsptrifcr <li«janclMR vnr. AnhimMuiM*.

As to tin* Mississippian fauna of the Ouniy 
limestone Mr. Girty makes the following stale- 

incut :

The fauua which at one time occupied the higher beds 
of the Ouray limestone is very different from the assem
blage of Devonian types which occurs below, mid itclongB 
to a phase of Carboniferous life which was widely dis
tributed over the conlinoulnt sea. It is found in (tie
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era sr? the preservation of the mountain? as regions slopes of Dm1.u<s Mountain semi in the rent ml J the Summit
of high topographic relief is due to the presence 
of igneous rooks which have been more resistant 
to erosion than the sediments would have been 
alone, The intrusions arc in the form of Flunks, 
dikes, and sheets. To the latter, which may in 
some casus have sufficient- thickness to be of the 
type known a*$ laccoliths, a certain amount-of the. 
observed deformation of the. stratified rock? is cer
tainly due. In the Da Rlata Mountain* the mass 
of intruded matter of this nature shown in the 
humous exposes! is comparable to the deforma
tion which they have -suffered over and above 
that nlfrcimg the lower formations, which are 
covered and therefore beyond observation; so that 
if the porphyry included in the hidden strata 
should hear the same proportion to the sedimen
tary rock? as in she observed section, tin* doming 
should he accounted for without, additional uplift. 
At Rico the structure and make-up of the dome 
is much better exhibited, ami though the theory

pari of the vn*w, and by many lines in the higher j arca rcprvs 
suiniuila, tine to strath;.-ation or to intercalated 1 lory exhibits 
sheets of jiorphyry. At the. up)*ci

Tim higher portion* of all these peaks constat of the landslide 
the red Cutler or Dolores strata with sharply con- deuce of run 
trusting grayish porphyries. Excellent sections of! may he foum 
parts of llic Cuder are :o lie found in several movement m 
places, one on the .«dopc of AVhitecap Mountain • viming cvi«l* 
being shown in the figure. The presence* of. a j t wisted Simla 

thin limestone conglomerate of the fuJ-oiiiferous i tract, 
section of the Dolor*.-.? very near the summit j Many sma. 

of Rlacklinwk Resile showy the projected horizon northern sl**j 
of the 1 *u I'lata »iinb;i.m- to he Ini*, a few hun- blocks have 
dml feet above that mountain. ami can sear*

The influence of fruiting is not self-evident in | avalanche del 

this illustration, yet the magnitude of the dis- | 
placement on the Rlnekhawk fault is really shown, | 

for the promineut limestone hand of the Dolores 
Mountain xlo|»c is dropped on that fault to a level
too low to permit its api-caring^within the field of 

that tiic observed structure mighl he due In a huge j this view on the farther side of Allyu C»uluh. 

laccolith lving hctvvcen the Algonkian and l’:d«>-1 The faults of this anti arc cksirly .shown in

zoic rocks was nt one time cnlcrtaimnl ana work- many places by their dislocation of porphyry
ing hvjiothesis, it is now known that such a mass » sheets, hut the grassy or timbered slopes seen in j attitude of i
of igneous rock docs no; exist, and that, llioamount fig. 1 often hinder a connected tracing out of in the view
of deformation which the uppermost stmla of the! some of them. The splitting of the Riaekhnwk

Mountain# 

structure of i 
tnry bods to 
shown in tin 
Mountain th 
witn! across

region underwent was several times in excess of the \ fault, and the itradmd decrease of dislocation arc-
higher point 
ilhiotnitimi 
Uieeous) forn 
from Klliott. 
tains exhiliii 

Klliott :Mi
Ollier peaks •

amount, of igneous material which was intruded ! plainly visible on the slopes of RIackhawk Rook, 
into the strata below them; that is, the formation h may he seen from iig. 1 how well the oeeur- 
of the Uico dome is mainly due to a central uplift- ] rciu-.o of intrusive porphyry masses is exhibited 

ing force, apart from any actual intrusions of Ion Whitemp Mountain and the narrow divide 
licpud ruck niatcriid. That, such a force was also j nt the head of Dt-adwood Chdeh. There are

active in the Ri Plata uplift may well he believed, j numerous other poims at which these relations | colored 1 -a I‘

for there, as at Uico, the thickest laccoliths or sills, can he. seen to advantage. One of these is on the (tipping
occupy a zone, so far ns the rocks now remaining j the high northern spur of Rlackhiiwk .Peak, Tin: lew t 
are able to ghow, nl a distance from the center of i where a large sheet makes cliffs several hundred of system it 
tlie dome, ami it is on those peripheral hunt-1 feet high, shown in hg. 1. This mass extends produces r 
iriotis that the estimate of the sufficiency of the: around the head of Silver Creek, covering a large a»|>ogrnphy. 
porphyries to produce the observed structure was j surface, as shown in part by the special map. 
bused. The. crosscutting relations of these porphyries,

; as they pass mure or less obliquely from one 
) horizon to another, tire very plainly indicated.

It. has already been pointed out that there are j In the Rico rej*ort may be found several views 
three natural topographical and geologa-id divi-1 which will assist the reader in comprehending the

sinus of the Rico quadrangle, viz, the Rico Moun- i character of lids portion of the. mountains. f^-*c

:vjib Bleu uot XTAiys.

The porpl 
intrusive reh 
is fairly weli 
tain, the vcn 
beneath the 

present ncr«* 
There arc n

tains, the. Dolores i’latcaii, and the main Dolores * of these views present? tlu* country lying east of forking or

norrh-
elearly exbit 

lu one o!
com- imperfectly

Valiev. The formations of the quadrangle ami 4 RIackhawk Peak.
the genera! geologic structure determining thuirj Tclcscnjtc Mountain and vicinity.—Tlie 1 

ntiitmlc and distribution having been discussed, ■ eastern ipiadr.mt of the llico Mountains is 
it doc? not seem necessary to give further descrip- 2 pamtivoly simple in its geologic structure :i:ui of the priu 
live details concerning the plateau and valley 1 possesses hut one mountain summit of promi- pityry is h* 
areas, the geology of which is very simple. 1‘utjncmx—Telescope Mountain. Tlie Culler red beds sending oil' 
the .Rico Mountain* are so complex in .structure, j here assume almost exclusive surface importance, is full of a| 
igneous phenmuena, and other respects tliaL a , ilutmgli their duplication by tlie felcscopc. Moun- mauv atigu 
resume of their prominent fi*alui'&< is dusindde. | tain fault. They arc overlain l*v the Dolores nately tber 

The Rico Mountains have been carved out of* formation at a short distance cast of the area, and in add
the donml uplift of several elements, already j covered by the spivial map. The high divide arc obscure*
described. Naturally the peaks exhibit most running irregularly east, from Telescope Moun- and wash, >
clearly the formations taking part in the dome tain, winch forms the watershed between the in some dc
and their structure, while the Jeep disscciion by ' head of tlie i.>ulo;vs River and Iicrmosn Creek, conditions, 
the Dolores and its branches displays the fca-; a branch of the Animas River, lias many high which to sh 
lures of tlie core of tlie uplift. The exhibition ’ points above timber line in which the several • JCnt/lr j' 

of (lie laiicr geologic detail is, liowevnr, greatly j formations may be studied. | lUmintaiiis
obscured by the superficial landslide materials. The Kico and upper liermosa hods form a 1 I'hgle Peak 
which assume a position of much local importance, j scarp facing the landslide area of C. Jt. C. Kili distribution

! on the northwest r!d*je from Telescope Mountain fore luvscn 
the ciua.i: ok itaks. 1 , . r . Vm , ' - * * ,

1 as snown in fig. o. I he general stnuuc.rf; oi the * structural 1

The main summits of tlie Rico group arrange J mountain may also be seen in this view from expo- ing part in 
themselves in harmony with the dor.nd structure 1 surca msir the summit.
in a circular zone. They are remarkably uniform j The minor faults of this region are conspicuous 

in height, a dozen peaks exceeding Ilf,000 feet in through dislocation of poi’jdiyry shWii. widle the 
elevation, widle die Idgltusl. Illackhawk, is but 1 largest, fault of the mountains is scarcely idcmiii- 
l'J,G77 foei, or *liXX) fcCl above tlie river nt Rico. ! able on the ground.
The Dolores River divides tlie group into two ! Tlie porphyry intrusirms of this .section of the I Cuiir.v J 

nearly cipinl crescents. • Rico Mounmin? :11c less in nuinl>cr and magnitiulc by the dec*
; than in tiny other j*.:rr, being limited to a few :hin of Horse <•
j nbects and dikes v:i ;lie upper half of the Dolores IVak, Th

Mountains math of Sitter Crais—While nearly j formation. I; is v. onhy of note, itowevor, that a | been almo- 

a’l the i»enks <>f the Rico group exhibit many Imp,. l!u;crdiih occurs just, above tlie Dakota sand- j kaolin, an*

i-haracteristic fixture-' nf the Iftnl g' 'd<*gy, llmsc st.mr aUm: tm:-l,;i::* able !» yuud die nnrilma^t cor- oxidali.vi
_lv.:n^{.» .tliii_suuth M .invert i,*,»,k :nv must • n»*t<— ucr iif the f»>v.*r*H! lie tlie ••n*i,ial map, on the | and velio'

jxxik along 
Opportunity 
McKlniO, a 
the changr 
Dolores i*1:

CASTKIIX atr.MMITS.



'•ii in the com ml 
lines in the higher 
*»r to iu.^rcnlutcd

<(' peaks consist. of 
wi:li sharply con-: 
.reliant sect-ions of 
found in several 
hitocnp Mountain 
'ho presence of n 

the fossilifcrous 
near the summit 
projected horizon 

.• blit il few linn-

nt Polf-evitlcnt in 
iimle of the cl is- 
!i is refilly .shown, 
nl of the Dolores 
at fault to a level 
vithin the field of 
illyn (.»ulvh. 
dearly shown in 
;*»n of porphyry 
•••1 slopes seen in 
•I tracing out. of 
f tin* Blackhawk 
•f dislocation arc 
Hlnckhnwk Peak. 
x well the occur- 
sses is exhibited 
■ • nniTOw divide 
rich. Tiicrc ore 
h these mint ions 

• of iho.se is on 
la.klmwk IVak. I 
several hundred 
is mass extends 
. rovering n large 
he spread nmp.
11esc porphyries, 
•pioly front one 
ly indirated. 
ml several views 
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—The north- j

•anlains is rmn-

fhc summit of Telescope. Mountain. The entire j springs which give off strong odors of-.snlphuroteil
area represented on the map ns landslide terri
tory exhibits' the characteristic topographic detail. 
At the upper limit, and on the southern border of 
tJic landslide tract seen in the view there is evi
dence of recent movement. In the llico report 
may heffunnd a ])ieturo of a tree split in two by 
movement now in progress, and even more con
vincing evidence is exhibited in the crushed or 
twisted limbers of mine workings throughout I he 

tract.
Many* small landslides have occurred on the 

northern slope of Telescope Mountain, hut the 
blocks have broken tip thoroughly in their fall 
and can scarcely l>e distinguished from ordinary 
avalanche debris.

WKSTKOX FRilMITS.

jl funuUtfos north of Horse Cut eh.—The. domnl 
structure of the Rico Mountains, causing sedimen
tary beds to dip away from the waiter, is well

hydrogen, near the head of Btoner Creek and on 
Johnny Hull Creek not far from Calico Peak.

Tint appearance, of Calico Peak, with its talus 
heaps, less tlie vivid colors, is shown in PI. VII of 
the ilieo report.

Anchor find H.rju'cl/Uion mountains.—Between 
the bonds of Horse anti Burnett gulches are two 
high peaks, Anchor and Expectation mountains, 
in which llm crosscutting and branching of intru
sive porphyry sheets is exemplified in many places. 
Indeed, so numerous are the visible forkings of the 
porplivrv masses here that the conclusion seems by 
no means farfetched that, all the more or less irreg
ular masses shown hv the map in the northwest- 
sontheast zone from Johnny Bull Creek to beyond 
landslip Mountain belong to one intrusion. The 
rucks are visibly different only in minor details of 

I ex l m e.
Pathi son Unrest of Bnvnr.U Gulch.—The south- 

wistern summits of the Kico group exhibit the
shown in the high ridge lending from Bandstime j Cutler and Dolores veil beds in their normal pnsi- 
Mmniiaiii ihmndi Kliiott Mountain ami north- I tlnn dipping away from the (‘enter of the dome.

On the ridge leading south from Storm Peak the
Mountain Ihrough Elliott Mountain ami north 
ward across the (juudninglc line. The genera! 
attitude of the strata On this line is represented 
in the view of Sandstone Mountain and the next 
higher |X)int on this ridge, forming fig. - of the 
illustration sheet. The Jurassic and Dakota ( Cre
taceous) formations on the divides leading outward 
from Elliott, Sock rider, and Johnny Bull moun
tain* exhibit the same structure.

Elliott Mountain is conspicuous in contrast, to 
other peaks of the group by reason of the light- 
colored Tai Plata .sandstone, which forms cliffs below 
the capping mass of porphyry.

The few faults of this area illustrate the lack 
of .system in these fractures, ami none of them 
produces results very marked in llm present 
tojiognipliv.

Tat Plata ami MeEhno formations are Seen in 
typical development. The jmrphyry bodies in 
the red beds have been referred to as probably 
connected with those of Anchor Mountain.

The most interesting local feature r»f this section 
is the landslide mass on the south slope of 1/iud- 
slip Mountain. This occurrence illustrates very 
well the various phases in the history of a land
slide area, from the newly fallen blocks seen here 
adjacent to the summit of the mountain, through 
the older, partially disintegrated mas-xv of llm 
middle sloj*cs, to the forest-covered debris near 
the stream below, where sinks and trenches still 
demonstrate the existence of slide musses.

Marling Ridge.—Between Horse and Sulphur
The porphyries of this district illustrate several j gulches is n high tract cut almost in two by the. 

intrusive relations of interest, The lnccolhliie form head of Iron Draw. Hero occur*; the largo stock 
is fairly well shown in the mass of Elliott Moun- f of granular rock, <pinrbc-monzonHe. which appears 
tain, the rein mini of which is over fiO£) feoi thick : to have been one of the later intrusions, if not the 
beneath the. summit, while the porphyry is not i Inst, of the Biro center. The contacts of this stock 
present across the Kiddle north'of the mountain. ^ air not well shown at any point, mainly on account

There arc many sheets and small dikes and the 
forking or crosscutting of some of these bodies is 
dearly exhibited.

In one ol the branches of llor?o Gulch is very 
imperfl’ctly exposed ihe mdi of what max' he one

>f I in; shattered condition of the monzooiti* mass, 
which has resulted in talus or loose broken-rock 
pilix-, when* larger landslides have not taken place. 
The metamorphosed condition of the sedimentary 
corks* on rilhrr side of the moii/ouile on Darlimr



• lot* not seem iu.tvK.-:irv lo give further dv.-erip- 
• vc details vuiuvruing llic plateau and valley 
reus, the geology ol' which U very simple. Rut. 
lie Rico Mountains me so complex in structure, 
eucmiK phenomena, and other respects that n 
•ckuh.o ol thuir prominent. lealtires is (hwirstble.

The Rico Mountains have been carved out of 
he ‘h'miul uplift, of several elements, already 
Icscrihed. Naturally the jwxiks exhibit, mast 
•h.mrly the formations Inking part in the dome 
tml their structure, while the deep dissection by 
Jto Dolores ami its branches displays the fai- 
uivs of the core- of the uplift. The exhibition 
•I* the latter geologic detail is, however, greatly 
•hsmired hv the stijicrfirtal landslide materials, 
.vliirh lissome u position of much local importance.

ritr: cnaa.K <»r rKAKS.

'flic main* summits of the I lit*** group arrange 
thcuniolvtv; in harmony with the dumnl structure 
in a circular zone. 'They mi; remarkably uniform 
in height, n dozen |tc:iks exceeding 12,000 feet in 
• •levmiou, while the higlm*f, Rfackhawk, is hot 
1*2,1*77 li.rl, or *1000 fed aimer the river (it Rico. 
The I hjlmvs River .divides tlie group into two 
m-arly equal cri-scents.

KA.VmiX SUMMITS.

Mountains ninth of ♦Si’/irr CVee/*.—While nearly 
all the- peaks of the Rico group exhibit many 
characteristic features of (lie local geology, those 
lying lo the south of Silver Creek are most note
worthy, because they show not. only the dmual 
structure, but (lie effects of faulting and igneous 
intrusion, and the sedimentary section is more 
completely displayed than elsewhere, on account 
of (lie comparatively insignificant development ol 
landslide masses.
\ Fig. I illustrates many features of these peaks 
as seen from the west side of the Dolores, looking 
nearly due cast. The prevalent dip to the south
east is particularly brought out by certain massive 
limestones of the upper llcrmosn, which crass the

?s. . Kicu.

pnrnlivuly simple in its geologic sirucuirc and 
IKisSCssw* hut one immnlaiu summit of promi
nence—Telescope Mountain. The Cutler red beds 
here assume almost. exclusive surface importance, 
through their duplication by the Telescope Moun
tain fault. They nr«? overlain hy the Dolores 
formation at a short distance cast of the area 
covered hy the special map. The high divide 
running irregularly east from Telescope Moun
tain, which forms the watershed between the 
head of the Dolores River ami Hormosa Creek, 
.a branch of the Animas River, has many high 
points above limber line in. which the several 
formations may be studied.

The Rico and upper Kermosi be»k form a 
scarp facing the landslide area of C. 1,1. C. Mill 
on die northwest ridge from Telescope Mountain 
as shown in fig. n. The general structure of the 
mountain may also he Keen in this view from expo
sures near the summit.

The minor faults of this region are conspicuous 
through dislocation of porphyry sheets, while the 
largest fault of the mountains is scarcely identifi
able mi the ground.

The porphyry intrusions of this section of the 
KicO .Mountains are loss in mimhcram.1 magnitude 
than in any other part, being limited lo a few thin 
sheets and dike’s in the upper half of the Dolores 
formation. It is worthy of note, however, that a 
large laccolith occurs just above the Dakota sand
stone about one-half mile beyond the northeast cor
ner of the area covered hy the special map, on the 
farther side of l.lnrlow Creek. This mass is the 
LTntlup laccolith, a portion of which ifi situmc.il in 
the Tdluride quadrangle. It is not clear that this 
large intrusion has nettm! genolio connection with 
the Rico center, ns will Ik explained in the discus
sion of the intrusions under “Geological history."

Thu landslide phenomena of Telescope Moun
tain proper are so clearly exhibited in tig. 3 n3 to 
require little further comment. 'ITic actual head 
of tiie slide area is on llie ridge lending southwest 
to Nigger linby Hill and less than 000 feet below

ol' the principal ecnicrs ol erupt mo. I in.- p«.r- 
phvry is here seen to cut across the sediment*, 
Sending off numerous dikes nnd thin sheds. It 
is full of apparent, inclusions nnd is penetrated by 
many angular arms of the wall rock. Unfortu
nately there lias been great decomposition here 
amt in addition the extremely complex relations 
are obscured ton large extent by soil, futvsl growth, 
mid wash, so that the representation of the map is 
in some degree diagrammatic. In spite of these 
conditions., this locality is an excellent one in 
which to study complex intrusive relations.

Jutfjlr. fyenk.—The westernmost of tin: Rico 

Mountains exceeding .12,000 feet in elevation is 
Kaglc Peak, ll lies beyond (lie line limiting the 
distribution of visible porphyry masses and there
fore presents in least distorted form the simple 
structural relations of the sedimentary rocks tak
ing part in the donud structure. Passing from the 
peak along llm ridge lo the w(*t one has excellent 
Opportunity lo examine sections of tlie La .Plata, 
MclCimo, ami Dakota formations ami to observe 
the change from the domal structure to (hat of (he 
Dolores Plateau.

Culiou /Vy//*.—1The variegated coloring exhibited 
hy the decomposed rock of this summit at llm head 
of Morse Gulch has led to tlie current name (’alien 
Peak, ‘fin: original porphyry of this peak has 
been almost completely allured lo a mass «>l* alnnite, 
kaolin, and quartz, impregnated with pvrite, the 
oxidation of which has produced the vivid red 
and yellow colors now so striking. Apparently 
the rock occurs as n small stock, although its 
contacts are concealed by tains or slide. R is 
supposed that the rock was similar to the por
phyry of largo orthoclasc phenuerysts, of which 
a long dike crosses the slope of Johnny Hull 
Mountain, ami which occurs only in this vicinity.

The formation of ahtnilc is referable to sul
phurous emanations, either directly by gases or 
indirectly through waters which have alrsorhcd 
gases. That such activity lias been socially 
marked in this vicinity is shown by existing

l»5»i”v l.s vui‘\ " iK'U' c \ .• .fti.v ..I..........
the contact.

Although the. nionzouite Imdy is laige and such 
moissivc nicks usually cause rugged topographv. 
such is not. here the case. Thin fact is prohaMv 
due to the thoroughly shattered rendition of the 
Stock, leading to rapid destruction of prominences 
by frost. The large number of small knobs nnd 
knolls, often with pinnacled spurs or summits, 
situated on (be north side of Darling Ridge, are 
plainly separated by zones of fracture and brcc- 
cialion ami arc themselves crumbling to pieces 
under frost action. The assignment of those 
knolls to the landslide area will be discussed in 
(be next section of the text.

the innku Kumix oi* tin: mountains.

],’rom the preceding description of the domal 
struct uve of the Rico Mountains and of the circle 
of prominent peaks it will he plain In (he trader 
that I lie outer slopes of the mountain group exhibit 
rim pic structural relations of sedimentary forma
tions and that igneous masses arc few. It doe? not 
Seem necessary, therefore, to give further descrip
tions of tlm peripheral portion of the Rico dome. 
In llie heart of the mountains, where the structural 
complexities are groat, where several formations 
not (Kvurring elsewhere in tin; ipiadmnglu have 
biv.n revealed hy the deep erosion of the .Dolores 
ami its tributaries, and when: many intrusive 
bodies appear, the case is quite different. Mure, 
however, I lie phenomena of local interest an; no 
numerous (hat the render must he referred to the 
Rico report, for the greater part of llic detail; the 
present descriptions will be confined to certain of 
the. larger features of importance. In fact, it is 
not tlic fundamental relations of the formations, 
hut rather the wav in which these relations have, 
been obscured, which will receive most attorn ion.

I.AX05MUK AIUU9 OK llOUSt OULC1I.

The map ami figs. o, nnd t» of the ilhislniln.m 
sheet show how completely the normal structure
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apparently splits into two or more small sheets j ones, a laud surface near sea level, because tins 
licfmv- crossing the river, ami many oilier irivgu- erosion of tlie inlerval was nowhere snfiieicui to 
larilies max* well he assumed to exist. wholly remove the On ray limesimic at any point

That this large porphyry hotly is in the. main t observed on the. southern slopes ot the San .lima 
of laoi-uliihie character is Outlier imlieaietl hy ihc j region. .As stated in a preceding section the

limited exposure of its base in the workings of the absence of the Ouray limestone in the valley of
South Park mine in Silver Gulch. Several very . Silver Creek, near Rico, is supposed to he due to 
small dikes or sheds of porphyry have been erosion of this interval. That is, however, the 
encountered in the ininiv of Nexvman lliil. [only point adjacent to the San Juan Mountains

as yet fotintl where the Ouray is lacking at its 
lihOLO(«K/AL H\61QK\. appropriate place in the. section. Jt may be that.

riM--TFrn\nv ivi'N’ix the urea of greatest elevation ami consequent cro-
! sion, of the lime in ipu^tion, was west of the San 

Inlroduflury.—The visible record of pre-Tor- • Juan area, in what is now the plateau district, 
tiary events in the gi'olngii; development of this j The Pennsylvanian sedimentation was of very 

area lies xvhoily in the sedimentary formations different eharacter from any that preceded it in the 
and their stratigraphic relations. From the ills- ! general urea of southwestern Colorado. A long- 

enssion of the formations already given it appears • continued oscillatory movement of the earth’s crust 
that the section is nearly like that much better i caused frequent rcvnrtvnce of conditions favorable 
exjnjsed, in its lower portions at least, in the Ani* to the deposition of limestone, shales, ami sand- 
mas Valley. No marked local cha met eristic has • slimes, forming the complex called the Mcrmosa 
been observed in the .Rico formations of pre-Tor- j formation. Without visible break the HcrtnO.su 

tiary age, so that the course of events here can t beds grade into those of the Rico (Rcrmo-Penn- 
only be assumed to have been that of the snr- svlvaniau) ami those into the overlying Cutler 
rounding province, an outline of which has been * red beds, lmrc assigned to the Permian.
presented in the Tclhmdc and Silvcnon folios. 
For tint present folio it is considered sufiieiom to 
refer very briefly to the history preceding the con-

Thc character of the Cutler formation is in gen
eral much like that of the lower portion of the 
•‘Red Reds” in many oilier places where no stmt- 

linental uplift of the whole sedimentary section, in | igraphie break scjiarates them from strata, romain- 
post-Uaramie time. j ing a Pennsylvanian fauna. The fact that a break

Frt-l'nfrozoic cm.—From the Stud)' of the is now known to exist above the Cutler beds ron- 
Ncedle Mountains ami the Animas Canyon sec- ! dots it impossible to assume that the Paleozoic sec

tions it appears that- the. oldest rocks of this region 
are certain gneisses and schists, supposed to he of 
Archean age. The next younger series of rocks

tion of the. San Juan region is complete. There 
may have hecu deposited in this district :i consid
erable thickness of Permian strata now entirely

consists largely of igneous material, greatly met* 1 absent, owing to the pre-Dolores erosion, 

amorphosed and associated with some distinct IW-Dolores upiifl and cruaion.—The angular
sediments. Following the accumulation of this | uncnnr<irmily at Ouray l*clweeH titc Dolurcs and 
complex came a long period of sedimentation j older formations testifies to important uplift affect- 

during which the. Unoompahgrc group of con- j ing the entire known Paleozoic section. The 
glomerates, $n mist ouch, ami shales was deposited, j geographic, extent- of this uplift remains to he 

in marked unconformity with the* structures of j determined. /The Cutler beds wore sharply folded 
older formations. i in the Ouray district, hut apparently the region

While the sequence of events is not wholly ; of maximum disturbance lay to the north ami east 
clear, it seems probable that.great folding, fault-j of the Sail Juan, since on the south and west no 
ing. and metamorphism of all the rocks as yet \ relations of marked unconformity exist between 

referred to was the next great step in the history j the Dolores and Cutler funtiations. 
of the region. The gneiss^* and sehtsfs an; pem- j The epoch of uplift and consequent erosion 
trated hy a large nuiuher of granite masses, one j under discussion was followed hy the deposition 
known important body of gahbru, ami tunny ; of the fu&iliferous Dolores strata, but until the 
small dikes of diahaMic rock3. Some of those! horizon within the Triassic system represented hy
rocks cut the Uncoinpahgrc strata, ami the com
paratively unaltered textural condition of these 
inLrusives appears to indicate that they arc: all 
later than the lime uf the above-mentioned fold
ing to which the Algonkian sediments were sub
jected.

The presence of occasional fragments of granite 
or schist in the igmams intrusivcft uf the Pico or

those beds has been determined it, is premature to 
assign the orogcnic inovcmcnt to late Paleozoic 
rather than to early Mesozoic time.

Mciozoic hitfonj.—Kvidence that the Dolores 
formation is of Triassic age has been given. In 
the iipjHsr 1 Moras Valley, as in the San Miguel to 
tiie north and the Animas to the east, the Triassic 
strata are overlain with apparent conformity hy the

I-i Plata mountains shows that thtso same old j ]^i Plata forinniion, yet on the northern side of the 

formations exist beneath later rocks in the country «'San Juan the Jai Plata transgresses the edges of 
west of the Animas. older sediments ami in places rests on the Aroheau,

l\d(*oznit' h i.<hirij.—Refore the earliest 1 ’alcOzoic. 

sediments of the region were deposited there was a 
period of enormous erosion which appeare to have 
affected the southern Rocky Muitniaiu pi'oviuec 
:uul pvohabiy largo uresis of contiguous country.

demonstrating that a period of continental uplift 
ami grraL erosion intervened beLxveen the Dolores 
and hi Plata c|KK:h& .Similar relations arc known 
elsewhere in Colorado.

Whatever decision-may ultimately boexcaehed
A peneplain of marked character was jiroduevd, ! as to the* relations of the Gunnison group as a 
which, on sinking beneath the later Cambrian j whole, it in true that the upper of the assumed 
sen, bcraiue the floor for the dc|K*$ition of the - Jurassic furinapons, the .MeFlmo, heare such 
Ignacio (juarizite. If that formation is of Sraru- strong lithologic resemblance, in some of its 
togan (Upper Cambrian ) age, as now believed, it . upper sandstone incmhcrs, to the Dakota sand- 
is reasonable to refer this great erosion to earlier j stone of the Cretaceous that it would be naiunil 
Cambrian lime. * to assume that bodi formations bclomr to one

As will be clear from the description of ihe Pale-1 rpoch of setlimc-maiion. wilier than that there 

ozoic formations, the epochs of seilimentaiian dur- j w:is a groat stratigraphic Imsik between them, 
ing the Ordovician, Silurian, am! Jlcvimian periods , involving j|,e wimle of hiwe.r Cuvmccous rime, 
must have hi.-en almost insignificant compared with The Upper Cretaceous section formerly jjresunt 
the infcrv.Ms of nomleposition. ‘Hie latter, how- * in the Rico region was doubtless like that which 

ever, were certainly not times of i-ontineutal uplift . \v\* hi*> mentim:c»l ns present smith nf the l,a 
to any great elevation tilmvcSKi level, in iliisnr-:"- Plata M mtains. 'flu* ulmrin*;..}t ».f .Ii'm -v,]
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Through the Sun Juan uplift i» ' .,gc area way 
elevated far above stsi level anil has never again 
Mink below it. ICrorion became active nml dogm- 
(iaiion of the hunt urea continued until it was 
reduced to a peneplain, possibly with a *«mall 
mottutninou? island rising aliove it to which the 
Needle Mountains area belonged. The peneplain 
in question is tlmt u)»on which the Telhiriile eon* 
glomerate (ICocone?) resits in the western San .limn 
und San Miguel mountains.

That this poKt-T.urflimc peneplain extended over 
the Kico quadrangle is evident. The ncsirest jamii 
at which it can now he seen is beneath theTclln- 
ride enughimcntlu in Mount Wilson, about ft miles 
north of the northeast corner of the Kico quad
rangle, at an elevation of 12,000 feet. Jn ^hcep 
Mountain, C»1 miles to the northeast, the same hori
zon is shown. The general wiiion of thi* plane 
in the Telhiriile quadrangle is represented and its 
significance is discussed in the Tciluride folio.

Tinnrur.v n-.inoi).

No surface rocks of the Tertian' jieriud now 
exist in the Kico quadrangle, hut it is nretssnrv 
to refer to rocks of that ngc which formerly cov
ered the area, in order to discuss intelligently the 
history of the Kico^Mountains.

ACci'inn.ATiox rnr tiis TKM.nimn co.voijjmiumtk.

When the peneplain produced by erosion fol
lowing the post-himmic uplift luu! readied a 
certain stage of development the local conditions 
changed, so tlmt a greot amount of debris from the i 
ensuing further erosion-of the adjacent mountain j 
masse* was deponed iijmih it as a conglomerate. 
This formation, originally called t)ie Jran Miguel 
conglomerate and afterwards rcuameil the Tclht- 
ridc, acquired a r.ipidly increasing thickness west- * 

want from its Itordcr in thcSilwrlon quadrangle 
to the San Miguel Mountains. On its harder it U 
ftO feet or less thick and U a course conglomerate. ! 
In Mount Wilson, a few miles north of Kico, it is 
about 1000 fed thick ami emirisls of fine <-«)ngh>m- 
cnitc, sandstone, or shale, the transition in texture 
and tldeUm'SH being clearly exhibited in the inter* 
mcdiale area.

While much of the Tciluride formation is well 
stratified and apparently of subaqueous origin, il ‘ 
seems jkk/iMp that the whole may have hid* of 
Htiviatilc origin. In any case it is pmlcihle that 
the conglomerate wns deposited over she Kieo area 
with a texture and thickness iiimvj'onding to tlmt

,M*• 1 • * •• '»*..... i M..Mm

j tors in n general wnv with similar occurrences of 
the Sun Juan area. Porplivritic dioritc, mouzon- 
ite, or granite intrusions arc known in the Tclht- 
ridc ami Sih'ertnn quadrangles, anil in some eases 
proof exists that they art later than some of the 
surface volfunhs. The qtf>Hi of intrusion is, how
ever, not at all clearly determinable with reference 
to the general time scale. The stock eruptions of 
the Tdlnride ami Silvcrton areas are Inter than 
any known lavas of those districts, nml ns the 
KicO and l/i Plata stocks cut the laceolithic 
intrusions of similar magmas, it may well he 
that all eruptions of this type can lie referred to 
the same epoch in the latter part of the Tertiary.

It has hcrni pointed out that the UicO Mountains 
belong to the laceolithic group of the Henry Moun
tains type, in suite of lend structural failures not 

; roniiuonly supj*a5cd to exist in some, of the sim
ilar center* of ttumstou. *n»c?c gcuertd «*ou£tdeni- 
tionn ns to the time of the Kico intrusions have 
uiuloulitiMlIy a bearing on the rjuestinn us to the 
age of all the ktcrrdithtc groujts of the plateau 
province. The coueluHtou readied here U in 
neconi with iluit derived from the examinntiun 
of the Klk Mountains, Colorado (see Anthracite- 
Crested I’.ntu* folio).

1‘PJ.IVT OV TIIK IUCO no Mil,

It was brought o'ut in describing the structure oi 
t)»c Kico dome that three elements enter into its 
constitution, namely, domn! uplift hv folding, 
igneous intrusion, and faulting. Whether or not 
three arc all resultant phases of iho nclinn of one 
great font* is a question of far-rc:tching fiif|M*rtnmt*. 
Tlic evidence to \*c found in the Kico Mmmluius 
is nianili'sllv iumltHpialc for the si do lion t«f this 
problem. It is dear, however, that the various 
nmuifcstatimis of dcq^-sesited funis nt lids puint 
Ixdnng to diilcrem e|*>ehx and seem in some ptr- 
ticulars imle{iendeut of each other.

fnfdnuj.---Il 13 believed that tl»C
qumpmwr.cl fohling which seems to lmvc been 
the primip.i! faemr in the elevation °f the Kico 
dome took place after the accumulation of a con- 
wider.dilc thickness of volcanic rocks from San Juan 
eruption-*—that is, in the Tertiary period am! |«>s- 
sihlv in the Koccne epoch soon after (he formation 
of the San .hum tali’. The erosion wlileh ]*rnduecd 
the 'J'ellnridc }Hatieplaiu would surely lmvc irun- 
cxitnl the •Kune had thi> structure Ihvii of Misoznie 
age. That plain is, however, nowhere seen in the 
Kico >frmaiaius, although Klaeklmwk I’^ik still 
riv»-* item* than t*00 ft*«*t ulmve the level at which it



Iiti'lv Ml’ gaht it 11»I many , of the InssilitiMMiis |Kt!->jv,s strata, Mil until tin: 
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likes of <1
rucks cut tlie. Uneompnhgre strut:!, and the eom-
psiraliwly unaltered textural condition ot these 
intrusives appears to iiidfcnfc that Kiev are all 
later than the time of the above-mentioned fold
ing to which the Algonkiun sediments were sub- 

jcctitl.
The practice of occasional fragments of granite 

Or schist iti the igneous intrusives of the KioO or 
l>:i Plata mountains shows that these same oh.l 
formal inm? exist hruoalh later rocks in tin: country 
West of the Animas. ^

lalrozoic. history.—lleforc the earliest. Knh.ozniu 
sediments of the region wete deposited thcco was n 
period of enormous erosion which appears to have 
affix;Utl the southern Koeky Mountain province 
ami prohahly large areas of contiguous country. 
A peneplain of marked character wag produced, 
which, on sinking beneath the later (Jumhrian 
sea. became the floor for the dej»Osition of the 
Ignacio rputrtzitc. If that formation is of Sara
toga n (Upper Cambrian) age, as now believed, it 
is reasonable to refer this great erosion to earlier 
Otinhriau lime.

As will ho clear from flic description of the Kale-

liimutiJn origin. In any • n i.- prauaum tout •:»t.-«i tU'-hm1 ti.m till.- .*.111*  ...... . .......... .
the conglomerate was deposited over the l lien area 'age. That plain is. however, nowhere Keen in tin* 
with a texture nml thickness corresponding to that Kico .Mountains, although Klarkhawk leak still

assign the otogenic movement to lato Paleozoic | 
rather than to early Mesozoic time.

]ife$o:oic history.—Kvidcnco that the .Dolores 
formation is of Truistic age has been given. In 
the upper Dolores Valley, as in the San Miguel to 
the north and the Animus to the east, the Tiiassic’ 
strata are overlain with apparent conformity by the 
La Plata formation, yet on the northern side of the 
San .1111111 the La Plata transgresses the edges of 
older sediments and in places rests on the Areheau, 
dcmom'lmling (hat n period of continental uplift 

and great erosion intervened between the .Dolores 
and La Klnta epochs. Similar relations arc known 
elsewhere in Colorado.

Whatever decision may ultimately he reached 
as to Jin: relations of the (biniiison group as u 
whole, il is true that the upper of the assumed 
Jurassic, formations, the McKImo, beam such 
strong lithologic resemblance, in some of its 
upper .sandstone members, to the Dakota sand
stone of the Cretaceous that it would he natural 
to assume that both formations belong to one 
epoch of sedimentation, mlbcr than that there

ozoic Inrinutituifj, the epochs of sedimentation dor- was a great stratigraphic break between them,
ing the* Unlovician, Silurian, and Devonian periods 
must have been almost insignificant compared with 
the intervals of uoudepnsition. The latter, how
ever, were certainly not times of continental uplift 
to any groat elevation above sea love), in this prov
ince at- least, since the thin formations of the Igna
cio, Klbort, and Ouray epochs, though separated 
by intervals representing long periods of land con
ditions, arc preserved in almost conformable rela
tions in the Animas Valle)*, a few miles cast of the 
Uicn quadrangle. A fuller discussion of this fea
ture of Paleozoic history is given in tin* Needle 
Mountains folio.

Apparently the deposition ufthcUuniv limestone 
was continuous from late Devonian into early Car
boniferous (Mississippinn) time, and the succeeding 
elevation must have produced, as did the curlier 

v- . Rico.

involving the whole of Lover Cretaceous time
The. Upper Cretaceous section formerly present 

in the Kico region was doubtless like that which 
has been mentioned as present south of the I 
Plata Mountains. Tin: alternation of shales and 
sandstones, with numerous coal beds, testifies to 
general conditions similar to those prevailing in 
the Kooky Mountain province, but- differing some
what in detail.

Post^lAirntnic '!}>1 ifl fnul erosion.—That the 
domal folding of the entire Paleozoic and Mesozoic 
section abmil thcSnnJunn cantor nivurred in the 
interval succeeding the. Laramie epoch has been 
clearly cstablishi'd and is ilisi ussitl at some length 
in the Tollttrido folio. Thu local uplifts of the 
Kico and La Plata mountains are imposed upon 
Lhat older structure ami to some extent obscure it.

exhibited in the San Miguel Mountains.
No fossils have been /bund in the Tnlhmde for

mation, hence its exact ago is unknown. Its rela
tion to the San Juan volcanic depusits shows it to 
have immediately preceded them and at present it 
is assumed to be of early Koeune ago, although 
there are some reasons for thinking that the. T<*l- 
luride conglomerate may be correlated with the 
Arapahoe formation of the Denver region, assigned 
to the Post-Laramie part of the Cretaceous on 
jKilcontologic evidence. A full discussion of this 
picstion is given in the Telhmdc and Silverton 

folios.
SAX JUAX VOLCAXIC KUWI'TIOXS.

The volcuuic complex of the San Juan region is

rises more than tj(K) feet above the level at which it 
appears in Mount. Wilson, a few miles to the north.

The greater part of the uplift which has taken 
place has nfTucled the whole Paleozoic section and 
the underlying Algonkian rocks and thus the small 
Kico dome cOnies to show close relationship with 
the much broader fcsm Juan uplift. As has him 
stated already, the most prominent structure in the 
San Juan region is pro-Tertiary in origin, but there 
was also uplift in Tertiary time, and it i3 possible 
that the Kico dome*, is synchronous with the later 
elevation ami a result of the same force. The same 

is true of the La Plata Mountains. Kul until the 
structural history of the San Juan region has been 
studied in much greater detail the relation between

known to he the result of outbursts of various j the local uplift of the Kico and La l lata mountains 
kinds and with various products, extending through 1,,ld d,r: mure nearly continental movements of the 
Tertiary lime. The ciirlhsl eruptions must have *»'* ■>1,1111 region ctm not he thoroughly discussed, 
followed the deposition of thcTei *rulc conglom- -’I'N °f ^'c faccoti/hic inirtwoits. lhe dikes, 
ate very closely, and it is probable,, mi the con- sheets, and small laccoliths of porphyry in the 
fiiderabie thickness of* tuffs and lava . w$ above btieo Mountains belong to the group of diorile-, 
that formation still remaining in the adj*. 'id *San ! monzonitc-, ami granite-porphyries which are so 
Miguel mid Sm Juan momdains, ihat’fbt, 'ower ‘ widespread in the laccnlithic momdain groiijs of 

volcanics extended over the Kico arc:!, wiih a track-1 the plateau country ami also in the mountains

ness perhaps of several thousand feet. 'This <p»e.« of Colorado. That. those reeks are in all these
tion is jwriicularly referred to in the Telhmdc folio, instances of approximately the same age is a uat- 
whilu ihu explanation or the alwcuce of the vol-( oral conclusion in harmony with all known fuels, 
catties in the J.lico summits is presented below, in , although (he definite ovidenee of lerliary age is 
the discussion of the origin of the KieO domal . found in but lew localities.

Kvidcnec at Kico bearing on this- question is 
limited to the general considerations above staled 
as to the ago of the domal uplift. In the adjacent 
Telhmdc and Knginecr Mountain quadrangles

uplift.

ioxkocs i.vTnusioxs up Tint mco axo i.a im.ata 
MOUXTA1X8.

Wltilc no surface volcanics are now preserved in 
die Kioo qundraitglc, the numerous inirusivc rocks ■ there arc large laecolilhic bodies of |M>rphyrtes 
which have been tlcscribcd belong undoubtwlly to ; very similar to rocks of the JiicO Mountains, 
tho.Tcrtinry period. It is, indiv'1, possible that tin* and some <»f tlu*se arc inlnule^l into volcsmiu 
mouzoiiilc or syenite stocks of the Kico and hi racks, proving their ’leriiarv age. Kul tin evi- 
Plata centers may reptvseiil. rhanmls through 

which extensive oulpuuriiigs of lava look place.
Ke that, as it may, there- is every reason to cor
relate the igncotiB phenomena of these local cen-

dcueo has Ikm.ii (bund to imli(*:iie the parlietdar 
epoch of (his period in winch the intrusions look 

place.
Stock eruptions and jaultiny.—In considering

£

ik
in
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Hie nature of the forces* which )t:i\*i> produced 1 sion. The eastern cud of Ho* imnr/.onitc k- jus*. 
Hie Kitt> uplift, it i> apparent licit I he re i* :i close ' above the street in Piedmont, and there must haw 
nualotrv bclwnvn the two phase- **f intrusive action l*tvn figures traversing the strata in the prolong.1- 
anil the two phases of struftur.il uplift. The pri- ti*on of the priii(i|tal axL of tbv stuck. These may
tunry upward prcs?uru at this center was one to 
which the whole section of P ’.cozoic mul Mi-so- 
zoic strata accommodated itself by folding, stretch
ing, ami no doubt hv minor Injuring. It would 
appear to have been a gradually exerted pressure, 
of the hind assumed to have forced the magmas 
of laccolith.? and analogous sheds between the 
Rtnila of a sedimentary complex. Correspond
ing to this idea, it is found that the di«Hucl

have given heated solutions the uiwwary awca to 
the limestone at the places nrw seen. tfo far ns 
oltscrvod, such contact inetamoiphLsm is con
fined to tin: zone about the .-to. k, with Hie cxce|>- 
ti.m of one phieg in the tduittci'cd zone, between 
tlie forks of dm Hlaekhawk fault, where garnet 
masses and specular iron occur near a small por- 
phyry dike.

fa/fataric ittiiuu.—While no evidence can ever
perpiiyrv sheets of tl»c Kico Mountains arc the J Is: discovered proving that die surface phenomena

earliest intrusions.
The fault blocks of the heart of the mountains, 

made up, at. the exposures now scon, of Algonkian 
schists ami quartzites. have been thru;-*, up through 
the folded strata with little or no evidence of con
temporaneous folding of the adjoining Intis. This 
is also Lite relation of the Darling Kidgc immyoi.de 
stock, ns far as mu Iks aeon, ami also of the sim
ilar stocks of the La Plata, Tclloride, and other 
neighboring quadrangles. J?uch fault blocks and 
Mich masses of igneous rocks seem alike due to 
forces suddenly exerted, producing vertical frac
ture in.-tcad of doming. Willi such an analogy in 
mind, the suggestion naturally arises that a mass 
of magma, forming a *>tock in greater depth, may
have followed trie upthrust Mocks now revealed. ..v..s,.. ...,.......  ...................... ....................
fchich a hypothesis requires the assumption or very J been aivompanietl hv m:iiora!:/.ing agents of snl 
direct connection between the propelling forces of 1 pimrous character, even when taking place in 

magmas ami those of structural uplift. , depth.
Connection bet treat fvbtiug oiul intrusion.—If j The orthochae-Ksiring porphyry mass of Calico

folding and intrusion nt the Kico tenter he referred j Peak has Irtvn almo-t wholly deconijHVail by such 
to Hie action of the nutc great force, it is diflirnU j agents, alunilc and kaolin Wing the principal 

10 explain why larger amounts of magma weru not products.
intruded into die strum of the Uico dome, in view Existing sulphur firing*.—It is especially note- 
of the large porphyry musses of probably content-' worthy, in oonmvtijn with tim evMunrat above 

pomneous origin occurring near at hand in com- given of funner intense solfutarie action, that then;

ordinarily known as vulcanic attended the deep- 
seated intrusions in the Kico dome, certain proc
esses whiclt arc generally snpjmscd to characterize 
zones near llic surface have been ncuve in the 
horizons now revealed hv erosion. One of these 
processes is the decomposition uf rocks by sul
phurous vapors or hv solution? th.J have absoriied 
those vapors, and the production of alunitc. This 
suirstance is formed at dm surface in the crater of 
Solfatara, near 2\Taplfc*. and U n common product 
of the sulphurous emamuiens of volcanoes known 
from this locality as sfdfiunrio .exhalations. Hut 
the process is not necessarily connected with sulfii- 
tams of typical volcanoes, and tl(o term lins been 
gradually extended to cover she •metamorphosing 
tetion often consequent on eruptions which have

pnmtivcly undisturbed beds. The Flattop mass of 
porphyry, exceeding in bulk all the sheets of the 
Kico Mountains put together, occurs just nt the 
northeast base of Hie dome, hut similar large 
bodies occur on the San Miguel Kiver in the Td- 
Ittrtde quadrangle, -0 miles from llm Uico nplifl, 
and another occurs in Ifcrmos.1 Peak, u few miles

are numerous springs of wt;icr heavily charged 
with .sulphurated hydrogen issuing to-tlav from 
the slopis of Stoner and Johnny Bull creeks and 
of other tributaries of the Wt*t Dolores nortli of 
.lohnny lhd! Creek. The wntcro of these spring? 
aa* surface waters, as they «:v inllucuccd directly 
by the rainfall of the season and dry up at lime.?.

to the cast. The sleeks of tbo Tcllmidc quad- j but the sulphurous gases i.~capo continuously, 
mtglc appear likewise to he distributed without 
visible relation to any structure of the sedimentary 
formations. In other wonle, it appears to Ik? the 
cjipc that, while laceolithic inim.sions and stock 
crupliuns have occurred at the Uico and I^i i'lata 
cenlci^s, both forniH of intrusion have also taken 
place not far away in much grcalur volume, at 
points seemingly independent of stieli ccntenj. It 
is 10 be hoped that, more extended studies of the 
San Juan ami adjacent regions may throw light 
on the relatione uf llicfio various phases of intru
sion of magmas to struct unil movements of the 
earth.

riiKxonnxA cox.vuctcd with kij.kous i.NrmAifS.

Anidc from tin* mwlianic.il features of iiitnwion, 
whieli linvc Ixccn refcrrctl to, die principal pliemou-

The exclusive presence of these sr on die 
wist side of the dome, extending .out die imme
diate vicinity of the solfuur center at Calico 
Fcak toward the West Dole j. suggests that these 
cxlinlnriun.s really belong u a later solfataric. pericKl 
of this eruptive center.

cm: KKcu.-mox,

After the uplift of the Kico dome, the intrusion 
of Hie igncoiiK rock.-, and nt icnsl n portion of the 
fault fisKiiriug ihciv was a period of extensive ore 
deposition in the rocks now forming die Uico 
Mountains. While the age cf the ore deposits can 
not l»c da-rlv determined, it is in every way prn!>- 
a’nic tliat lht-y corr£-]tom! i:i time to dm dqmsits 
of the Di IMata Mountains an 1 that they lieiong to 
the gitstt epoch of ore deposition which succeeded 

cna connected with ihc igneous iutr.isions of the Uico j the early Tertiary igneous intnisimis or more typi- 
Momitains are thnic of cunlt uiponincoim meUmur- 1 cal volcanic eruptions in many parts of the Docky 

pliinm ami of solfiitnric exludutinu which tippenn? j Mountains. Apparently in© more typical lautu- 
to iiuvu couunued. down to the prouont. lime. i litliie mmmiidn groups of the plateau country to

CniJdcf mrjfuitorphism.—Contact metamorphtHm I the vrest d*" not contain ore deposits in an alum 

of the calcuiwns sirata adjacent to the luouy.oeiu* 
stock is very pronounced at nearly till places win
diest! rocks arc exposed in the vicinity uf the ‘ that, fact is connected with their situation remote 

iiitrurivc. The character of the alteraiiun in such » from the gniit centers of cr.ipiive activity or with 
ns might he expected from thu action of nmim-il- j iocd causes can nut now ho determined, it would, 

isdng ngcniR, ns chlorine, flimriue, and heated ^ however, appear numml that mov«) extensive depo- 
wntcr carrying those gtirta and pcrhajia udiers Uitiun of ore ininer.t!.* should occur in a center like 

in solution. The metamorphism rcfcrn*il to inmi- die Kico Mountaiu.s where then' 1ms been ^u 
kUls in tiie funuation oi garnet, pyroxene, vest:- J unusual an amount of fi*w .ring, aifonlhig ch:m- 

viauitc (?), and |*c.'.-;hly ud.cr silicaU^ of alumina, j nets fur die cirrul.iti*r:i of mcn.I-Iicnring sulu'.ions. 
with magiuvda, irun, ai;d time, and in the «!c|*»si* • 
lion of snrcnhr iron in either impiTgnatiug ,

.LIia u.u.l.n a m I*. • !.*_■ Ml f>

utile j dance at all currivponding to their development in 
here the hi Plata and Iticu neuiniains, hut whether

i:«to?o».v tuk r.:i.» j»»oik.

rpii9?:ion. Naturall 
uf Tertiary crodou 
llicu dh'triet, ami l 
fifin', dirccUnl to lii* 
turing of the Kieu •! 
die rise of the Juno 
Tertiary |*criod. mo 
day, uhliongti disci 
Cllacial cro>i'*n. '1* 
that of which cvi*l 
neccssmily the car* 
explained ill a Intel 

Sc»t!piaritiy of /. 
the Hico dome do 

the San dnan o.h 

:.ll sides by Ktixtiu 
ably determined h 

1 (sinie materials, r* 
\ dip stream comets 
[ atiou by la\*n (low* 

lotion of vuh-.mii* 

mainUin die courv 
chunucl and sappi 
canyon into the tv 

seems probable (1 mi 
its pix-sent course j* 
Hico tlomc, since, -* 
time the *iome wkk 

I for the devuluplite 
its alu)KS, it is dilii*

| die radial streams It 

so distinct an adv. 
would finally rnti>r 

J relations of hard a 

the nortli uf the d>* 
diversion of the m 

1 slope must have l»

I cm branch of the i 
Stream originaliug 
lticO dome could I 
through tin: hai’d •
side of dm tlomc sli 

The actual aimu 
uplift can tint be o' 
separable from lino 
is believed, lomvi* 
not been ivmove*! • 
Wilson, to the noil 
cxj>o»ctl were pn«<4*n 

j die lime of uplin.
| Whether the Do!

| volley nr deep cany* 
at Kico cm nut be 
piciion of lltu .ifnii 
cut a deep tr.ruch • 
tlic volcanic rocks w 
Cittl the region, ami 
mciuary nx'ks, np**i 
This erosion l»clong* 
It was succCctletl hv 
ent epuch as tirhiin* 
uf the distinct uplift 

With the dnwnw. 
been cmu-omitmii «! 
evidence in the imm 
some 10 mihx or 
beds i.bout -lcK> f*H-i
showing the lor.....
am! indicating an 
The ofhrt of crusi* 
liecn as if llm ri\» 
the prc«i*ut pimiliim 
gullies laid (Simple!* 
Jl is believed, Imwcv 

• have occurred, Imt 
• no records hccaiiM' * 
cutting its ciiaimcl 
ilK valley, .-u that th 

. cucil, and nmler <• 
tinn the a!o|»s of d 
mine**! witimut th* 

'file snfte riM*k-< I
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-tern oml of tho nmnznnile is just, 
t in Kicdmouf, and there must have 
niverxirig tlic strata in the prolongn- 

axis of the stock. These may 
ted solutions llie non wary necem to 
it die places now seen. So fur ns 

.» iniiilri«:t metamorpbism is Con
ti* about the stock, with the excejv 
hue in the shattered zone, between 
ml- Klackhawk fault, where garnet 
rulsir iron occur near a small pnr-

-;„M.—\\*i»ilo no evidence can ever 
•roving that the surface phenomena 
wn as volcanic attended the deej>- 
«> in the Kico dome, certain proe- 

generally supposed to characterize 
surface, have liecn active in the 

rvculod I»y erosion. One of these

• decomposition of rocks hy biiI- 
•>r hy solutions that have alworbed 
d tlir production of nlmdio. This 
lin'd at- the surface in tlie crater of 
Vaplcs, ami is a common product 
;is cm:innliou3 of volcanoes known 
hy as solfnlnric exhalations. 1 hit 
•! tniTHKarilv connected with md(a« 
vnlrunne.?. and the (cnn 1ms been

• Ifd in cover the metamorphosing 
<c<picnt on cniptions which have 
•d hy mineralizing agents of sui
ter, even when taking phut: in

question. Naturally the work of distinct epochs 
of Tertiary erosion can not he rwugnizcd in the 
Kico district, and llie present diseu^sion is, there
fore, directed to the local problem ns to the sculp
turing of the Kico dome. This em»iou licgmi with 
tiie rise of the dome, :il soim* iinknmvu linte in the 
Tertiary period, and lias continued in (he present 
dav. although discussion is here confined to p re
ft buna) erosion. The glaciation here referred to is 
that of which evidence is observable, and is not 
necessarily the earliest of the region. tnj will lie 
explained in a later paragraph.

Si:itJplttrin(/ of (hr »h/wr.—-At the inception of 
the Kico dome the volcanic rocks which covered 
the San Juan country wen* lndug attackeii on 
all sides hy streams whose j».'sihuns were prob
ably determined by the distribution of the vol
canic* materials. So long as eruption continued 
the stream courses were nuisiniitly lialdc to alter
ation hy him flows, hut with the tcmjiorarv ces
sation of voh-.mic activity each struma would 
maimnin (lie course it- then held, deepeninu’ its 
channel and sapping at. its head to extend its 
canyon into the central mountainous region. It 
seems prohahlc that the Pidorcs Kiver had itKsmmrd 
its present course previous to tin: formation of the 
ltieo dome, si mi*, supposing lhat tin* Hiirliicc at the 
lime the dome was formed was jmllinvnllv smooth 
for the development of couscfpicnt drainage on 

| its slojics, it is difficult to undcndaiid how one of 
the radial streams thus nsnlting could have gained 

I fo distinct an advantage over the. others time it

The monzonitc Flock on the west side 
river has been ttiilicienlly rcsistnut to form a 
both south of Aztec Gulch and in the maio/Hiv 
sooth of Horse Gulch, though in neither place £ 

it reach to n$ high an elevation as the porphfj 
of the adjacent peaks.

Tlie distribution of tho Inccolithic JwirfyS 
masses in tlie upper part, of the JDolores forma§L.a, 
has determined the zonal grouping of the prioapSSS 

mountain peaks about the center of the dome &£ 
lure. In fact, it is to these porphyries thilf;
Kico Mountains owe their existence. Unci'] 

not been encountered by the streams, 
ftvc given to the

nrti ja*. -l*
in dissecting would have giv 
molding scarcely different from that which;, 
iuive impressed ujvou the adjacent areas ofjsej 
nicntary rocks; tlie concentric outcrops 
hanlcr beds would be expressed in knolK5 
curving ridges, but the general elevation VI 
have liecn much less than at present.

would finally cause their complete diversion. The
'-lustring porphyry mass of Calico • relations of hard and soft reek* in the region to 
himst wholly decomposed hy such 
and kaolin Wing the priiici|>a!

•*r tprhuj*.—It is especially note- 
..<ction with the evidence above 
intense solfataric action, that there 
•rings of water heavily charged 
I hydrogen issuing to-day from 
m*r and Johnny Hull creeks and 
as nf the West Polorea norlli of 
■•k. ‘J‘he waters of these springs 

as they are influenced dircvtlv 
llie season and dry up at limes. 

muk gases escape continuously, 
•vscurc of ihose springs on the 
hmio, extending from the imme- 

lln* solfiitrirh* ci'jiliT :il Palin*

; the north of the dome an* such that it seems as if 
•divan-ion of the radial streams on the northern 
| slope must have been accomplished by the wtvt- 
| ern lininch of thv Onlores Kiver long before any 
• stream originating on tho southern slope of tlie 
J Kico dome could have cut it* valley backward 
. through the hard core Of the group to the north 
' side of the dome structure.

| 'i’iic actual amount of omskm’ since the Kico 
uplift can not he estimated, shut: its cUcvts am nut 
separable from llmse of ihr cj*och pretiMliug. It 
is Wltuved, however, that the voh^iuic nicks had 
not liecn removctl ciitindy and that, as in Mount 

1 Wilson, to llie moth, sctlitmuits abovi* tluwe now 
cxttttefel were jm-sent, up into tlie Mamxw <halc, at 

‘ the time of utdifl.
it... ih.h.tw »i-»rf it,...;.... * o

(ii.aciatiox oy tiir nico uountaixs.

It is known that the higlicr portions of diet 
.hum region were practically covered by 
sheet during n lute stage of the Glacial op 
II is, therefore, not slninge to i'md cridg^ 
of recent local glaciers in the Kico MouniaU&S 
Kenyons exist for believing that (lie San JtrfH 
Mountain? were also glaciated in an earlier 
lion of the Glacial cjiOch, but evidence bca|pS||§|^^ 

on this question is found in Lite Kico 
onlv.iu certain high-level gravels of tlie
v»i>y. . .

hvulrnce of recent t/taciaiwit.—The record^ 
glaciers in tlie Kico Muiintnins is 3tvu : 
iopographie forms, in reck scoring, and in n^ 
mutations of dfibris, but noun of these is striking

that because of their somcwlmt lower altiiude 
their isolation (he Kico Mountains were not 
completely dominated hy the iec as wcrel 

higher mountains adjacent. They formed 
venter of aceumuhiliou, utul though the busius1 
Hico wei*u pniladdy tlecply buried in snow 
were hut few places in which the acenrmilagi 
hec:imc sulliciently dceji for the consulidfltioai 
the snow into true glacial ice.



angle appear likewise to be distributed without 
visible rolsilmu to miv structure of the ^o<li»n^nt:uy 
formations. .In other won!.-?, it. appears to lie tin; 
.•jiPe that, while hiecolithic intrusions and stork 
eruptions luiw. occurred ;'t the .Kico ami I,a I’laln 
.•enters, 1'olh Conns of intrusion have ills-) taken 
place nol I It r away in much greater volume* at 
points seemingly independent of such ccutera. U 
i* to he hoped tint; more extended similes bf the 
-'an .lumi mid adjacent region.? may throw light. 
,,n the relations *d' these various phases of intru
sion of magmas to structural movements of the 

- arth.

chkxomkna co.vMiirrEu wnu msiioos ixthusiox.

Aside from the hmelmmeal fcaturijs of intririiou, 
.vhich have tan referred to,*tin? principal phemuu- 
•na connected with the igneous intrusions of the Kico 
Mountains are those of contemporaneous melamor- 
phism and of solfutanu exhalation which appeals 
i<> have continued down to tin: present time.

C’tirtuft uif’lmnoi jthiain.—Contact. mota morph ism 
• >f the calcareous strata adjacent to the monzonite 
jt'iek is very pronounced at nearly all places where 
these rocks arc exposed in the vicinity of the 
intrusive. The. character of the alteration is such 
as might he expected from the notion of mineral
izin': agents, as chlorine, fluorine, and heated 
water carrying those gases and perhaps others 
hi solution. The metnmorphism referred to con- 

in the formation of garnet, pyroxene, vesu- 
viamti; (?). and possibly oilier silicates of alumina, 
with magnesia, iron, ami lime; ami in the deposi- 
iun of specular iron in scales* either impregnating 

the rocks or, more commonly, in thin crusts in 
fissure:?, kwcli alteration of the calcareous Simla 
may he seen on the north side of Darling Uidge, 
near the blowout in'I I orse Gulch, and down near 
Piedmont. if the metamorphosed stratum i.S a 
'imratmie the matrix for the silicates named is 
usually white crystalline marble.

Tin: givui rnelamorphism of the Devonian limc- 
Uune in the Dolores Vsdluv at Kico is so dearly of 
ilic kind described (hat. it is considered probable 
dial tins change is also due to the mouzonitc intru-

Tluj exclusive presence of those springs on tlm 
west side of the dome, extending from ihe imme
diate vicinity of the solfaUiric .center at Calico 
Teak toward the West Dolores, suggests lhal Llicse 
exhalations really belong to a Inter sollataric period 

of this eruptive center.

OllK DEfOSlTIO.N*.

After the uplift of the Kico dome, the intrusion 
of the igneous rocks, and at leasi a portion of the 
fault figuring there was a period oLextcnsivi; ore 
deposition in (he rocks now forming the Kico 
Mountains. While the age of the ore deposits can 
not be closely determined, it is in every wav prob
able that, they correspond in time to the deposits 
of the l.a Plata Mountains and that they belong to 
the great epoch uf ore deposition which succeeded 
the early Tertiary igneous intrusions or more typi
cal volcanic eruptions it: many parts of the Pocky 
Mountains. Apparently the more typical laeco- 
lit.hic mountain g* nips bf the plateau conn try to 
the west do nut contain ore deposits in an abun
dance at all corresponding to their development in 
the T.a Pima and Kico mountains, hut whether 
that fact, is connected with their situation remote 
from the great centers of eruptive activity or with 
local causes'can not, now ho determined, it would, 
however, appear natural that more extensive depo
sition of ore minerals should occur in a center like 
the Kico Mountains, where there has been so 
unusual an simount of fissuring, affording chan
nels for the circulation of metal-bearing .solutions.

kkosiox or the mco.noMR.

General stnhinw/.—The: San .Innii ami adjacent 
country Appears to have been a continental tract 
during (lie whole of Tertiary time. Erosion must, 
therefor**, have liven continually in progress dur
ing that period. The work, of degradation was 
rcpcal<-dlv interrupted and in great measure 
undone hy vast volcanic aec.unuilulimiH in sev
eral diifcrent epochs. Further, the erosive power 
uf streams varied greatly, according in the alter
nating elevation or subsidence of the region, 
which probably continued during the period in

exposed were present, up into the Mam-os shale, at 
the lime of uplift.

Whether the Did on's was (lowing in a shallow 
valley or deep canyon previous to the do.mal uplift 
at Kico can tint be surmised, Imt before the com
pletion of the Structure the .stream bad doubtless 
cut a deep Ircuch well down toward (he base of 
the volcanic rocks which are supposed to have cov
ered the legion, ami possibly into the Mesozoic sedi
mentary rocks, upon which they probably rested. 
This erosion belonged to the epoch of deformation. 
It was succeeded by continued erosion of the pres
ent epoch as arbitrarily limited hy the completion 
of the distinct uplift.

With the downward culling (here lias doubtless 
been concomitant elevation, hut of this there is no 
evidence in the immediate vicinity of Kico, though 
some 10 miles or so to the south there are gravel 
beds about dtep (Vet. above the present valley floor, 
showing the former position of the stream bed 
and indicating an uplift- since their deposition. 
'The clVeel of erosion within the. immiiiaiijs litis 
been sis if the river bad cut its way at once to 
die present position and then side streams mid 
gullies had completed the grading of the slopes. 
Il is believed, however, that several distinct uplifts 
have occurred, but (lie pauses between them left 
no records because-of the Fact that, the river was 
cutting its channel ami not.at any time widening 
its valley, so that, the valley was successively deep
ened, and under conditions of heavy precipita
tion the slopes of the valley walls were ^gradually 
reduced without (he production of terraces.

The softer rocks have been carved away, leaving 
the more indurate as cliffs nr sleep slopes belweon 
more gentle acclivities and determining the posi
tions of the main moniilaiu masses. The rocks 
which have been siillioicully massive to form 
mountain caps arc mostly intruded porphyries, 
though the La Plata sandstone always rise* as a 
knob above, the general h:\vl of (he adjacent, ridges. 
Of the (e.w high peaks capped hy other sediments 
than La Plata, Telescope. Mountain Is the only one 
not protected by a very massive sheet of porphyry 
lying within lUtj to 200 feet of the lop.

length of time seems clear from the absence of 
marked glacial cirques or amphitheater* in tin; 
higher mountains. The basin at. tins head of the 
Small gulch next east, of Allyn Gulch, in the east
ern part of the group, is. the only one of the region 
which strongly resembles a typical cirque. It is 
also noteworthy (hat the side gulches of the moun
tains seldom possess (he profile outline chame- 
(orislieof valleys filled by glaciers, the only two 
exhibiting the U-shaped form being Silver and 
l.lorsc gulches, (he largest and deepest of the group.

Strutted or grooved rock lace.-? have been noted 
in several places, notably in Dead wood and Silver 
gulches and near the head of .johnny Kail Creek, 

west of Calico Peak.
Glacial debris retains distinct morainal form 

only cm the southeastern slopes of the mountains, 
at the 11cad of two branches of .Scotch Creek, in 
the Engineer .Mountain quadrangle. These were 
deposited by short glue-id's of small dimensions. 
In other placid the gravels supposed to hoof gla
cial origin arc mingled with avalanche, landslide, 
or wash debris, and could not he shown oil the 
map. They occur On various ridges; or mountain 
slopes and in certain gulches, and details of their 
observed distribution wore given in the UicO 

report.
The rounded ridge at tlic entrance to the valley 

of Silver Creek has an external appearance similar 
to that of knmes or oskers, but it is really com
posed of sedimentary rocks and intrusive porphyry 
and is merely capped by gravels, it. is conse
quently a form of erosion rather than of con
struction.

Collectively the phenomena observed are believed 
to warrant the conclusion that; true glacial streams 
at one time existed on the southeastern slopes of 
the mountains, in the valley of Silver Creek and 
its tributaries, and in "Deadwood Gulch, and that 
in tin; upper part of Horse Gulch (here were 
important, arcnmidnlioiiH of In; which may nr may 
not have readied into the lower (isn’t, of the val
ley. If others existed, their murks have been 
obscured bv surface materials of simlber origin 
or by recent erosion.
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T7i//r// f/rarrfc rrlafcd to glacial drpuy.ila.—A 
group of gravel deposits \v!iic*l« m:*y l»c tentatively 
referred to the close of the recent (Wisconsin) 
singe of glaciation occurs in the Dolores Volley at 
ninny point* from the Kieo Mountains downward. 
TJiesc gravels arc seen in :l»c terrace upon which 
tiic town of Uiec is partly built. ami on tin*, similar 
ami probably corresponding bench which occurs 
about *10 or AO feel above the river bed north of 
tlic mouth of Sulphur Creek. The gravels are 
best exposed in the riming for the roadway to 
the railroad station at Kirn, hut are known to 
form the edge of the terrace for nearly half a 
mile, to the south. Occasional rcuiimtiu of cor
responding gravel henehos occur down ihr Dolores 
Kivcr as far as the mouth of Hear Crock. South 
from Mmiiclores the bench is from 10 to *H) feet 
above the present stream, and it. seems to slope 
down the valley ni a slightly greater grade than 
that of the iMores Kivcr. This hom-li is not 
entirely deposition:)], since occasional exposures 
show rock in place, dust, north of the. month 
of Hyman Creek the inclined am! truncated 
edges of iho Cutler hods are shown to he cov
ered by a thin capping of gravel, and east of 
Momelores the eroded surface of the porphyry is 
bm partially concealed.

Less conspicuous remnants of a grave! terrace. 
Occur along tlic Jk-.ir Creek Hat. This terrace is 
at about the same elevation above the present 
stream as the Dolores terrace amt seems to be. 
closely related to it genetically. At the angle of 
the union of the streams a terrace remnant appeals 
to he common 10 huth. The terrace gravels of 
Bear Greek came, of course, from the La Plata. 
Mountain*. West of Ute mouth of Bear Crock 
this bench is inconspicuous or wanting, it seems 
probable that these Dolores Valiev gravels repre
sent the scanty morainal materials of the Kieo 
glaciers transported and deposited. Tlic nmmmt 
of stream cutting below the gravel-covered ter
races is consistent with this idea.

Anricut. glacial (?) grnrc/n.—Coarse grave! or 
bowlder beds, which from their position suggest a 
considerable former extent of such materials, occur 
at numerous points in tlic Dolores Valley at sev
eral hundred fevt above, the present stream. The 
most northerly of these observed oeeunvncos is 
on the ridge smith of A/.tee Chileh, m-ar Kieo, 
where;, at ;m elevation of HAM) foot, or about 700 
feci above the river, an excavation in the wooded 
surface reveals a mass of very round bowlders 
lying in Hue gravel. Among the rocks repre
sented aiv blue limestone, greenish mudstone, and 
vein quartz. The bowlders arc very unlike the 
angular fragments which are sparingly scattered 
about the surface. These angular blocks, often 
3 feet, or more in diameter, seem to have come 
from up l.hc. river, fur rod Dolores sandstone is 
common among them. Bowlder gravels have also 
been exposed ni a lower level on this same ridge in 
prospects near the line of the Calumet vein, about 
300 feet above the river.

On the slope below the tufa bench south of Sul
phur Creek, southwest of Kieo, at about doO feel 
above the river, there arc several patches of coarse 
gravel beds. Among the fragments noticed here 
was one hloek, nearly :» feel in diameter, of tlm 
peculiar ImruMcndic porphyry known only in 
dikes in ihc Algonkinn ii-1 lists above Kieo.

Karther down tlic Dolores Valiev other similar 
gravel patches occur at this general level of 300 
feet a hove the river. They are especially well 
shown on the west side of the river between Sny
der’s ranch and Kio Lathi and have been noted 
also near the month of Bear Creek. Possibly 
they occur in small remnants much farther down 
the river. A specistHy good exposure was noted 
near the mouth of 'L-in!erlboj Creek, wliero the 
pebbles average about A vr A inches in diameter,

character of the -bowlders and the meager evi
dence. concerning their origin scarcely warrants 
the assumption of any particular relation to 
more ancient glaciation. Gravels of high level 
are abundant on nil sides of the San Juan, am! 
in the forthcoming Ouray folio strong evidence 

indicating a pre-Wisconsin glaciation will be 
given.

i.a .*» ns i.i iiks.

The landslide areas of the Kieo Mountains, 
which assume unusual importance, have been 
described ns to their character and local distri
bution, ami it remains to refer briefly to their 
age. and the evidence, of their origin. A much 
fuller Ireatmcm of the subject is given in tlic 
Kieo report.

Age of /hr. ffnidtilidcj.—The epoch of the Kieo 
landslides may Ik-said to extend backward from the 
present day to their beginning, at a remote period 
not accurately determinable, b’rom the great- num
ber of the slides in thisiimited region uml tho con
ditions of their distribution it must be assumed 
that they arc primarily due. to some, very umi3u:d 
force, shattering the rocks ton remarkable degree 
ami principally exerted at the -beginning of tlic 
landslide epoch. It is thereforc-of prime interest 
to ascertain when those glides began.

Of nil the phenomena of Quaternary ago in this 
region there is none affording definite proof ns to 
the remoteness of the time tit which the fractur
ing of the formations took place. Thu principal 
changes in the topography since the landslides 
began have boon caused by the slides themselves. 
There has been practically no erosion in (he 
Dolores Valley or in the more evenly graded 
reaches of its local tributaries in the landslide 
epoch. AH the distinct alluvial formations, ns 
Hood plains and the fans or aprons at the mouths 
of streams tributary to the Dolores, are referable 
to activities during the landslide epoch. Kvoa 
the glacial deposits seem to afford little evidence as 
to the age of the first landslides. The main traces 
of glacial deposits arc in the eastern portion of 
the Kieo Mountains, where landslides have not 
occurred; and the grave! deposits, which seem to 

Ik* of glacial origin, have in most cases been more 
or less rearranged, so that little weight- can be 
plan'd on ronelnsioits drawn from their present 
position. Th* landslide period was apparently 
contemporaneous with the glaciation, or nearly so.

Hclations to topography. — From the details 
regarding the various slide arcus which have 
already been given and from tlic iihisfrations, 
it is evident that the topography of tlic Kieo 
Mountains bad acquired almost the detail it now 
exhibits when the landslides began. The only 
considerable modification of that topography in 
the intervening time to tlic present has come 
directly from the landslides or indirectly through 
the rapid breaking down of the principal slide 
areas. The valley of the Dolores, at the foot of 
C. II. C. Hill, must have been of the exact type 
now seen above Marguerite Draw. The strewn 
bod of 1 Torse Creek has plainly been interrupted 
by t lie*. Pmade slide.

The primary conditions for a landslide may lie 
generally stated as a thoroughly fractured state of 
the rocks on steep slopes, permitting ihe force of 
gravity to cause the fall; and were a!i the nicks 
of u mountain district to be uniformly shattered 
the mountains of most precipitous and irregular 
form would naturally experience the most exten
sive landslide action. But in the Kieo district 
some of the most rugged mountains have under
gone no visible degradation by landslips, even in 
the heart of the area most affected. Sandstone 
Mountain is the most sinking inslam-e of this 
immunity.
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permeable is the mass Ijenoath to the min (hat fulls 
upon it ami to the snow water.

One effect of this saturation hv circulating waters 
lias been to keep the fracture lines of attrition mat
ter am) many layers of crushed sandy shale in a 
soft condition, favorable, to the slipping of more or 
loss extensive masses whenever the supjtort weak
ened sufficiently. Secondary slides of this sort 
must have been frequent over since the original 
shattering of the formations, ami they arc still 
taking place, q*

The more exposed and isolated la mb!idu blocks, 
if prevented from further slipping on masse, break 
up gradually, while a talus slope or an avalanche 
track often denotes the course of the more rapid 
disintegration.

Origin of the. landslip.—The immediate muse 
of the Kico landslides is manifestly the very unusu
ally shattered condition of the rock formations nn 
steep slopes, ami the discussion of origin must he 
directed to tlicscat and nature of the force to which 
the intense s)iattc.ring is due. The evidence con
cerning this force contained in the observations 
which have been recorded may he fiunmnrizcd as 
follows:

3. The* principal landslides are confined to a 
small circular area in the heart of the Kicn uplift, 
hut do not cover till of that area.

-. The. slides are more recent than the topo
graphic details of tho mountains and valleys, 
except, only some recent mu) minor featmts.

o. The shattering of the- rock varies locally in 
degree.

•1. This shattering is independent of lithologic 
character and structural attitude of the formation, 
and there is nothing in either of these, conditions 
especially favorable to landslides.

A The princi|i:il landslide slopes an* in the 
courses of many known faults, bur several intensely 
faulted areas of rugged topography do not exhibit 
landslides.

C>. Many fault veins seem to have been opened 
again by the shock producing the shattering of the 
formations.

7. The shuttering extends below tho surface zone 
of actual sliding and to unknown depths.

The consideration of all observed facta lends to 
the comprehensive statement that in genlogii-nlly 
very recent time n part of the central portion of 
the Kico Mountains suffered a severe shock, shat
tering the rocks at the surface and to unknown 
depths. As a result of this shattering many land
slides have occurred where other conditions were 
favmnhb*. Tori >‘h'«rk must hav had it-* .?<mree

at tin elevation of 700 foot above tho Dolores River 
on tin*, northern edge of the monxunite arm from 
Darling "Ridge arc of Glacial origin, they indicate 
a much greater accumulation of such debris in llic 
valley than would be suggested by any other occur
rences. Hut even if they are Glacial, the recent 
work of the river seems to have been largely the 
removal of the gravels, with little cutting into the 
underlying rock. In Dendwood and Allyn gulches 
the .streams have cut. down through the unconsol
idated gravels of Glacial origin, but this is u task 
which they could have easily accomplished in a 
short time. .Similar indications of the.«umil! elUvf 
of post-Glacial bed-rock erosion arc seen in Silver 
Creek, where (he stream has locally excavated nar
row canyons in fhe wider valley of Glacial origin, 
hut those canyons have in no instance exposed the 
bed rock to a depth of more than jmssihly 20 feet, 
mid in many places the stream is working on 
debris of very recent origin, which has been thrown 
into its channel from the side gulches ami ravines. 
All the. evidence serves to point to the recency of 
the (Maria! occupation and to the small amount 
of erosion winch has since ensued. The present 
topography is in no essential feature different from 
what it was previous to tho accumulation of the 
ice. Refute that the streams had found their pres
ent course? and had practically assumed their pres
ent grades.

In the higher parts of the mountains, however, 
the. ordinary atmospheric, agencies have been active 
and large amounts of talus and slide mek an* seen 
on many of the steeper slopes.

Modification of fopoyvnpby by deposition.—-T\\& 

greatest change in the topography of the region 
since the great erosion has beat effected through 
the agency of landslides. Throughout the. larger 
tracts which are shown on the map the land
slides have modified the form of the ridges and 
mountain slopes and have to some, degree filled up 
the valley bottoms, especially of the Dolores oppo
site C. II. 0. Hill and of Horse Creek. Appar
ently the streams in their lower eoursm have not 
as yet been aide entirely to remove this landslide 
debris.

in the valley of the Dolores there tiro various 
deposits of stream grave!/*, and the map shows the 
di.-:irib»uion of the more ret xml deposits. Rem
nants of terraces in several places indicate- former 
deposits, but these are not ab.vavs clearly distin- 
uuisliahle from dtihris of other origin.

While liie lateral tributaries of the Dolores have 
no bottom deposits of importance, several of them 
have built tip very decided alluvial cones at (liuir
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where, :tt :m elevation i»f '.i.'illO fret, or :il»«>u1 7tH> 
feet above the river, an.excavation in (lie wooded 
surface reveals a mass of very round bowlders 
lying in fine, gravel. Among the rocks repre
sented arc bine limestone, greenish sandstone, mill 
vein quartz. The bowlders arc very unlike the 
angular fragments wjiicl* arc sparingly scattered 
about flic surface. These angular blocks, oflon 
3 feet or more in diameter, scan to have come 
frum up lho river, lor red Dolores sandstone is 
common among them. Bowlder gravels have also 
been exposed n( a lower level on this wine ridge in 
pro>q>octs near the line of the Calumet vein, about 
30U fed. above the river.

On the slope below I tic tufa bench south of Sul
phur Greek, southwest of Kieo, nt about 300 feet 
ahovt*. the river, there are several patches of coarse 
gravel hods. Among the fragments unlived here 
was otic hlnek, nearly 3 feet in diameter, of the 
peculiar liornMemlic porphyry known only in 
dikes in the Algonkum schists.above .Hieo.

Farther down the Dolores Valley other similar 
gravel Jialehfi: occur at this general level of 300 
feet above the river. They are especially well 
shown on (lie west side of the river between •Sny
der’s ranch and Rio l/odo and have lieen .noted 
also near the mouth of Rear Creek. .Possibly 
they tanair in small remnants much farther down 
the river. A specially good CX|h>:ure was not4.nl 
near tlic mouth of Tenderfoot Crook, where the 
pebbles average about •! or o inches in diameter, 
though some retell K or B inches. Among the 
rocks represented here are. jiorpliyries, sandstone, 
limestone, quartzite, vein quartz, and shale,*

Tlu.sc high-level bowlder beds are considered ns 
more remnants of im|K)rt;mt deposits belonging to 
the epoch wln’ii the floor of the valley was 300 feet 
or more above its present stream bod. From l.bo 
evidence, common in southwestern Colorado, of 
slight stream erosion since the lust Glacial epoch, it 
would seem necessary to conclude that (he gravels 
under discussion are older than the recent (Wis
consin) stage of glaciation. I»ut the waterworn 
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position. 'I’he landslide period was apparently 
contemporaneous with the glaciation, or nearly so.

/,'elation* to lojmyraphy.— From the details 
regarding the various slide areas which have 
already been given ami from the illustrations, 
it is evident tlmt (he topography of the Rico 
Mountains had acquired almost the detail it now 
exhibits when the landslides began. The only 
considerable modification of that topography in 
the intervening time to the present bus come 
directly from the landslide# or indirectly through 
the raj}id breaking down of the principal slide 
areas. ‘The valley of tho Dolores, at the foot of 
0. II. C. Hill, must .have been of the cxnel type 
now scon above Marguerite .Draw. The stream 
bed of Morse Creek has plainly been interrupted 
by the Puzzle slide.

The primary conditions for a landslide may be. 
generally stated as a thoroughly fractured state of 
the rocks on steep slopes, permitting the force of 
gravity to cause the hill; and were all the rocks 
of a mountain district to be uniformly shattered 
(be mountains ot most precipitous and irregular 
form would naturally experience the most exten
sive landslide action. Foil in the Rico district 
some of the most rugged mountains have under
gone no visible degradation by landsli|>s, even in 
the heart of the area most allotted. Sandstone 
Mountain is the most striking instance of tills 
immunity.

Uelatious to other Quaternary phenomena.—The 
Ordinary processes of degradation .operative in the 
high mountain regions of Colorado have of course 
been active in the Uico Mountains during the long 
epoch of landslide action, and it scarcely need 
be |»ointcd out tlmt nil the destructive agencies 
must have been especially effective within the land
slide ureas. The shattered landslip blocks them
selves have been in high degree vulnerable to 
the attacks of solvent waters, frost, ete., and have 
in many cases rapidly disintegrated. The whole 
slope of Darling Ridge, us of ot her landslide areas, 
is practically without nor face drainage channels, so

the Rico Mountains Hullcivd n severe shock, shut
tering the rocks nt the surface and to unknown 
depths. As a result of this shattering many land
slides have occurred where other conditions wore 
favorable. This shock must, have had its source 
in greater or less depth, and may be referred to ns 
earthquake shock.

Two important sources of earthquake shock are 
specially recognized, viz, that originating in the 
relief of tension arising from structural movements 
of the rai l Ids crust, soul that, connected with vol
canic phenomena. The Rico Mountains represent 
a center of upheaval and intense faulting, and of 
igneous intrusions of a nature not. strictly volcanic. 
It seems natural lo ftupp"SC that seismic disturb
ances must have taken place at the surface of (lie 
Rico dome during the periods of funking and dur
ing the intrusion of at hast, the monzonilo mngmn 
in (lie channels represented hv the stocks of to-duv. 
Hut those disturbances took place at ho distant an 
epoch that the connection of the shocks now under 
discussion with cither of ilicm is not. plausible.

HBCK.VT OIMI.OGJCAI. IIISTfHV.

‘Many of the features of post-Glacial geology at 
Rico are inseparable in origin from similar featur*’.? 
of Glacial and earlier time, since in those parts 
of the area that were not covered by ice similar 
processes of general erosion and of local deposition 
were active throughout the Glacial stage. For this 
reason, in referring to certain phenomena as Recent, 
there is no intention of limiting their age to the 
post-Glucinl, but rather to indicate that certain 
conditions ‘have continued down to the present 
time. The "Recent, phenomena of the Rico region 
arc mainly erosion and deposition. The hitter 
includes landslides, talus, and avalanche mate
rials, river gravels, am! spring deposits, which 
luive been described us formations. The proc
esses of tlicir formation arc so commonly known 
that hut little further reference to them seems 

necessary.
Post-Glacial erosion.—If the gravels occurring

di'p'isitH, hui iln><* arc mtl a I wavs dcnrlv distin
guishable from debris of oilier origin.

While the lateral tributaries of the Dolores have 
no bottom dejjosils of importance, several of thorn 
have built up very decided alluvial cones at their 
mouths. The more important of these ate repre
sented on the map.

Small deposits of calcareous-sinter or tofu have 
boon noted at various points cm the banks of (he 
I Mori's, and several of them sue shown on the 
map. At a number of these points the spring 
waters arc still highly charged with carbonate of 
lime and deposition ih still going on.

Jt will be noted that the filed of nearly all of 
these re*T»l agencies is In modify the form of the 
mountains existing before the Glacial cjK>ch ami 
the beginning of the landslides, hv producing 
gentler forms of the ridges and by lilting tip in 
some degree the various valleys.

Gas *priny*.—-FuiaiintiotiS of carbonic acid gas 
and of sulphurated hydrogen accompany many 
springs of water in the Rico region. The former 
is continually escaping in large quantities in tin* 
cent ltd part of the area, while the latter is noted 
in many places on the west side, of the mountain 
group in the drainage ol Stoner and Johnny Hull 
creeks. Both gases doubtless have their origin in 
chemical changes which are going on at a greater 
or less depth beneath the. surface, and the waters 
with which they are associated may or may not he 
of deep-seated origin. In some cases they cer
tainly arc not, for at. the sulphur springs (lie 
water increase's and diminishes with the humidity 
Or dryness of the season, and at certain times the 
How of water census entirely, while the gas con
tinues to escape. It appears that in such instances 
the gases have found the same channels along 
which the waters are circulating and (hat (he 
two mix and escape together. Jn the .suction on 
41 Economic geology” Mr. Rnnsome tells of the 
frequent appearance of carbonic acid gas in mine 
workings.

June, RICH.
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Uy l*. 1.. ltansimic.

INTIJUPITTIMN.
\ Cable mine ami to the experimental treatment of 

tlit: sphaleritic ore there found.
The principal ore deposits of the KicO quadrangle ....................

ere conflict! to its northeast corner. and ere included •
within the area of about30 square miles covered i»v j The total production of the Pioneer mining 
the Hico special map. The Joining district is nearly ' district can be only roughly cdtimnted. Aceord- 
i*ouxirnsivc with the isolated group of jwuks which t iug in the reports of tin* Director of the Mint, the 
have been described in t)je foregoing juges us tin* * output from lt>7i) to the eml of I'JOJ has been I 
Hieo Mountains. Hico, a town of a few hundred ahouc 78,(MX) ounces of gold and !)f(XK).lN)0 oum.-os ! 

inhabitants and the scat of Dolores. County, Itis * of silver, The \aduc uf the entire ^product, inehid* 

nearly in the center of the district, on the Dolores ing tlie base metnlfi. probably lies somewhere 
Kiver, which ireverses tlie uvea from moth to , between •’>8.(K)OfOOO and •? 10,000,000. 1’v far lilt J 
south. The Kio Grande Southern Hallway con- greater pari. of ibis has been silver. Present 
mrts the town with the Denver am! Pio Grande ( developments indicate (bat the district, may snon 
system :tl Durango on the south and at Kidgeway produce considerable v.iut: and lead.
• m the north. „ l

.. , ... , I'UKU.MtNAHV nlTl.JNK OF "UK ultK PKI'USITS. f
.1 he following general account ol Jbe ore depox- . j

its is for the most part condensed from a report, j The ores of the Hieo district show unusual j 

entitled “'The Ore Deposits of the Pico Mono- variety in their occurrence, as regards both form j 
tains, Colorado/’ published in the Twenty-second j and genesis, it is proposed in tins report, to treat 
Annual Keport of this Survey in l'.KJli. To that , the dc|>osii:s under four general heads, namely: 
report tlie reader is referred for detailed descrip-1 (V) lx?d<^, ('J) blanket*. (3) repkuvmcuis in lime- 
tiong of individual mines. i stone, and (*tj stocks. This is confessedly and

' obviously n rough grouping for convenience and

w:tn various gaugm* no 
its more or less complete 
ores Jins taken place, ivsul 
ores, often very rich hi d

WSTKirn’TloA

uismmr ok jjim.vu i KVKi.oriiK.vr.
. I clearness of treatment, and is not intended us a

Jlceords of die discovery and early development scientific «0:i&*jriuruii>ii. 
of the .Kiwi ore deposits arc fnignientary and often j Under the first head will be deseriiied sir |de or 

conflicting. 'The first recorded attempt to prospect complex veins, usually nearly vertical, which when 
the region "-as in 3 301. when T .tentenant 1 Inward j they occur in the sedimentary formations util across 

and other members of John Knkcr'fl expedition * tlte planes of bedding. They arc fractures or fis- [
into (bo San Juan region made their way over the* 
mountains from die cast. Eight years later Sluder 
and Feurheiter built a cabin on Silver Crock, near*

sores in the rocks, which have been afterwards 
filled with ore or valueless vein matter.

Under tlie second bead will hi* treated various
its junction with the Dolores Kiver, and totaled deposits usually more nearly Imnv.onuil than ver- 
snvenl claims. One of these, tlte Pioneer, subse-1 lied, and lying parallel Jo the planes i>f bedding

qoemly gave its name to the mining district. . or to the surfaces of intruded sheets of igneous
In IS7‘i It. C. Darting and others erected an j rock. These arc the. de|nvits hnallv known as j 

adobe furnace, and attempted to smelt art's from , "contacts.” This term. u.-;nl in a .sense that juts; 
what are now known as the. Atlantic (kiltie, j no mtar^try nmmrtion with its true geological j 
Aztec, Phoenix. and Yellow Jacket claims, j uusmiug, has unfortunately found its wav into
They were unsuccessful, and it was not until j lin-r.ituiv and has been so universally adopted
3377 tlmt. active prospecting wag iwmmd in the! by the miners that it is dificith to nhogether 
Pioneer district. j avoid its use. AViierevcr employed, Imwcver, the

3n 1S/S> riel) oxidized silver ore was discovered | word will l»e placed in quoiatiou marks, indie-ning 

on Nigger Kaby .Mill, and die futttrr: pr.alucuvity j it?? true, standing as miners’ vernacular, 
of Newman Dili was fnrw-imdowed by the ship-t Umler the third bond will be constd.oivil tho?o 
incut to hnvnnsea ul some ore from the Chestnut, j deposits, often irregular in form, which have 
vein. Tlie town of Kieo a: ynce sprung into j resulted from tlte metjisomatic replacement of 

existence. , Hinesimte by ore.
Jn October, 3887, the larges: ami richest of ihej lastly, under the fourth head, will be. noticed 

blanket deposits on Newman Hill was discovered i a few small or»* bodies, often referred to as “ehini- 
hy David .Swickhimer in tlie KutorprEe shaft, at a ncy-/’ of winch the Johnny lh»l! is tlie priucijxd 
depth of -(>« feel, and slmrin* aftcrorc bmliis were example in lid’s region.
found in llie lllacklc.iwk, Logan, and IliemAspen No sharp distinction exists Itctnceu these various 
•nines. • t!cjw>s5t.s. inodes of tint dip may piss into bedding

Tim Knierprisc mine w::fi snid in I.StH) m a ‘ faults alnng w<-:ik strata, imnhicing hivcciaci which, 
l’iUshnrg company, and the .*.'11111; ywir saw ihcjivhcn niincndixed, me iriris.^tl as hhmkct^. The! 

advent, of the Hio Gnmdc Southern J-Jailway. mineralijcsition of such a breccia, jiartivuiarly if; 
Vigorous exploitation was couliimcti in vanon* * tlm mau-riid be cairircOtiH shale;, is likely u> he j
ports of die district, until l&'JJ, when mining largely by mvtnsomulie. n-plnccmcnt, prodtmitig a| 
activity showed signs of abating.

Since 1.3'Jn tlie output, of ibo rioncer district 
has ilocroased. The large Indie* of rich "coo- 
tact ” ore have Uvn mined out, and manv of the 
veins have been worked »!»v.vn o.ii depth at which 
the oit* no longer pays for shipment. .Me-sc* of 
ore often proved to he curb>u*dy limited, owing to 
various conditiou? that suv chamcteristic of the 
region ami that will presently l»e dcscrihcii.

The decline in tlte of silver h.13 had a

. dvjmsit closely akin to those resulting from tin1
simple rcpjoeonmnt of Hnuytom?. Mon^ver, the 
ere bodies grouped under the second urn! third 
luxids aro aiwnvs intimately connected with IE- f 

simvj or lod«s which mayor may 1ml U* themselves j 
productive. |

The grea.vr pari of the product of the district j 
lias come from the Idankcis. Some* of the lodes j 
have provol ricit. but their value has invariable * 
fallen below the limit of nroHialJc working ;.t n

In all pruhnhiiiiy nmr. 
duced in the Lav •listri** 
Hill. This name is uj*j 

tliatclv south ami c:ist 
western think of Dob 
liiJ] may he considered 
by Silver Ctvek. on the 
on the south liy 1 h’ad«« 
by the dills formed h\ 
stone eharaetcrUtic of 1 

ilermos.i. On this si* 
rr**d with surface wash. 
Aspen, Newman, Uni 
mines, in which the or 
ami partly in blankets, 
pal one is locstlly kmc; 
Enterprise "contact/*

Also on the cast sid* 
north of Silver Creek, i 
of Tclcscojxi Mminlain 
or»*. since 387*d. The • 
in lodes, which in ttieii 
Hal a dip as to com 
deposits.

C. U. C. lli)l Ik* in 
Eahy liill. It is a la 
with workings from v 
taken. The ore, large! 
cis. the continuity **i 
broken by landslide ue

From the three bil? 
gresitor jtarl of the Ki. 
several im|>»>r)aui mil 
prominent of the*!? 
mine, Is'iwecti Silver 
whore the oiv occurs 
sulphide replaemneul 
.stone. Aimtlicr exam 
Horse Greek, about i‘ 
its mouth, where tin* 
limestone. Thu John 
.Hull Moimlnb), ncsir 1 

also produced suuie or
Die entire basin of 

slope of F.xpevtnlmn 
prospects, many of * 
(piamtiies of ore. lot 
doued.

Another deposit • 
pro$|Krtivc \tdue is 
mine, on tin- north 
galami, sjdiah'ritc, a 
replacements of the I

Hy reference t<* 
pondur.tjiec of the in 
in the J lurumsa, part! 
dlu ilivlvtoiiH, will !•<•
Of the dume. wlicr.*
.1 m-.iftstc sediments 1 

large ore bodies ha*
Hull, it is true, «•»-.*« 
ore iiudy. altlimigh 
VOnsiilelidde cNeilcu 
than a jsH'ki t.

ilcpJYti-ing cIVect on ibi, ay mi other distrha.-. rcmarkalJy -Ji.JImv depth, which gcueuiitv b.^nva j 
where titis metal forms a i: rge par* **f :!*o output, constau.l Hatintt some overlying bhmkct witii •

■ * mi.nli. .|P, rt»>. ,nv hn.iii^ (i.y.llfriv whiell lie* lode .!;• hi.h^ i>Uin*S't. Si<llH* ijiii^uiatw ’ M’liu no- ••!* tb*
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lty I*. I,. Kimsoimi.

:iml tn the experimental tro:itiiicnt of 
ir ore there found.

l'KOliUCTION.

i production of iho. Vioneer mining 
In> only roughly estimated. Aeeord- 

vjmrts of the Director-of the Mint, the 
• i 1K7P to the end of 11)03 lum been 

ounces of gold and 0,000,000 ounces 
Hr- value of the entire product, includ- 
i«\ metals, prbhably lies somewhere 
m(H),000 ami $10,000,000. % far the
i of this has been silver. Rrescm 
is indicate that the district may soon 
•rideniMe zinc and lend.

v.\i; v oirruxK ok thi: oi:e deposits.

- of the ltico district show unusual 
ilu'ir occurrence, as regards both form

It is proposed in this report to treat
- under four general heads, namely: 
i’J) blankets, (0) replacements in lime-
id) stocks. This is confessedly and 

•« rough grouping for convenience anil 
treatment, and is not intciuled us tt 

•issilication.
ic first head will be described simple or 
ins. usually nearly vertical, which wlicn 
in the sedimentary formations cut across 
oj' hi'dding. They are fractures fls- 

i»c rocks, which have been afterwards 
ore nr valueless vein matter, 
he sworn! head will he treated various 
•nally more nearly horizontal than ver- 
iving parallel to the planes of bedding 
surfaces of intruded sheets of igneous 
>v are the deposits locally known as 

This term, used in a sense that lias 
try mnnoction with its true geological 
has uuforlunnldy found jis way into 
ami has been ho universally adoplod

with various gnuguc minerals. In many depos
its more or less complete oxidation of the primary 
ores has taken place, resulting in pulverulent earthy 

ores, olUm very rich in silver.

msTi:tr.i'ThtN ok tiik oi:ks.

In all probability more than half of the ore pro
duced in the Rico district Inis come from Newman « 
Jlill. This name is applied to tin* slopes mime-j 

diatcly soitlh and east of Rico, constituting the J 
western think of Dolores Mountain. Newman 
Hill may be considered as hounded on the north j 
l>v Silver Creek, on the w»st bv the 1 Mlorcs River, j 

on the south by Dcadwond tinkh, and on the cast • 
liy the clifis formed hv the massive. bed of lime- j 
stone characteristic of the medial division of tin* | 

jfermosn. On this slope, which is deeply cov-. 

eml with surface wadi, arc the .Enterprise, Rico-* 
Asjwin, Newman, L*nion-U«rhonatc, ami other. 
mines, in which the ore occurred partly in lodes* 
and partly in blankets. Of the latter the princi- • 
pal one is locally known as the Newman Hill or! 
Enterprise ‘’contact." !

Also on the cast side of the. Dolores River, hut j 

north of Silver Creek, is Nigger Raby Hill, a spur . 
of Tulcseojw? Mountain. This hill law proditml 
ore since LS70. The ore. occurs in oxidized form ; 
in hides, which in their upper portions possess so j 
Mat a dip as to constitute essentially blanket I 

deposits. - j
C. II. O. Hill lies immediately north of Nigger j 

Rube Hill. It is.a landslide ami, ho»cyeoml*od 
with workings from which much ore has Kim 
taken. The ore. largely oxidized, occurs in blank- ; 
ebs, the eontimiitv of which has been greatly 

1 broken by landslide movements.
From tin; three bills mentioned has come the* 

greater part of tin- Rico ore. There are, however, 
several important outlying deposits. The most 
prominent of those is that, of the Rlackhawk 
mine, between Silver Creek and Allyn Culrh. 
••u. ..... »t.„ M\‘idiy<il in a l«*»l»- and a*

minendogical or commercial distinction, mid are 
not necessarily of tliflorenl age.

The princijEil minerals occurring as a direct 
result Of the. general processes of mineralization 
are as follows:

1‘yrUv.—This is by far the most, abundant sul
phide ill the district. Associated with quartz nml 
small amounts of chalcopvrite. sphalerite, and 
galena, it constitutes the practically worthless 
lilting of most of the lodes, it is found in large 
blanket-like masses, free from ganguc. in C. 11. 
C. Hill. In similar musses, hut usually in more 
solid condition, it is found as a replacement of 
limestone. This is the inode of its occurrence 
in the Rlackhawk mine, where it is frequently 
associated with ihioritc and grides by increase 
of chnleopyrite and galena into workable ore. 
Although commonly containing small quantities 
of silver and gold, ihepyrile has hitherto proved 
too low in grade for successful treatment. Rick
ard records that the pvrite from the northwest
erly lodes in the Enterprise mine usually afforded 
on assay from 1 to »S ounces of silver and truces 
of gold. In the. Gold Anchor prospect in Hull 
Jia.sin a iarge • body of pvritc was found which 
is said to have indicated, in single assays, as 
much as R0 mince.'* of gold per ton, but which 
as a whole did not pay the cost of extraction.

Otilciut.—This very important ore mineral occurs 
abundantly in the Enterprise, blanket and in most 
<»f the bodies of unoxidized nix* ihut have been 
worked in the district. Jt is always argentiferous, 
hut. apparently does not constitute rich ore unless 
accompanied by argciitite, tetralied rite (freiberg- 
itv?), pronstitc. or polyhasite, as is the case in 
the Newman Hill lining. On the other hand, it 
nowhere occurs in .snJiioicntly large masses. unless 
possible in the Atlantic (.'aide mine, to he. work
able for its load alone. It presenU no unusual 
peculiarities in tins region and is, as elsewhere, 
nearly always accompanied hv sphalerite.

SftknU'nfr.—Zinc Idcmlr js an ahnndaiit mnsiit-



are iu*w Um*uii :is sirr Allniilir *
A/hv, I’hneniw :i 1 Yclhnv claims.
Thev W*'»c misuivossfid, and it w:is nut until * 

RS77 (lint active prospecting was resumed in the 
I’imieer district.

In rich oxidized silver ore was discovered 
uji Nigger Baby 1*1 ill, mid the future productivity 
of Newman Hill \v:is foreshadowed l?y the ship
ment to Swan.s<*a of some ore from the Chestnut 
vein. 'Hie town of Rico- at. once sprung into 
existence.

In October, 1$87, the largest mid richest of ihe 
blanket d«.*|<*?ifs Oil Newman Hill was discovered 
hy llavid Swiekhimnr in the Luterpriso shttfr, at a 
depth of-ft- feet, and shortly alter ore bodies were 
found in the Rlaekhawk, Logan, and Kieo-Asprn 

mines.
'I’he ICntcrprisc mine was sold in R>*.X) to » 

Ritisbnrg company, and the suite year saw the 
advent of the Rio Crmele Southern Railway. 
Vigorous expluitaiimi was contimied in various 
puls "f the district. until IX'.t/i, when mining 
activity showed signs or aliating.

Since l«>H5 the oiitpnl of the Riomer district 
has decreased. 'The large bodies of rich "con
tact” ore have been mined out, and mmiv of the 
veins have been worked down hi a depth at which 
the on* no longer pays for shipment. Masses of 
me often proved to he curiously limited, owing to 
various conditions that, are characteristic of the 
region ami that will presently he described.

The decline*, in the price cd' silver has had a 
dejm^ing eHcvi on this as on other districts 
when: this metal forms a large part of the output. 
Ihil nearly all the important ore bodies (hnnerlv 
exploited were snMnii.nliy rich to Inj workable 
to-day liad they not. been exhausted. In IJHJO 
the only ore being shipped fn:*m the district was 
an ociitaional carload taken out hv li.*asers workin*' 
small areas of unexplored ground in the larger 
mines.

In Rtt/2 practically all the importnnl mines in 
the district were consolidated under the name o»’ 
(he United Rico Mines Company and although no 
material increase of production ha? yet resulted, 
the new company has devoted itself with consider
able success to the development of the Atlantic

no necessary cuimcciioh with its true gudogieal 
meaning, has unfortunately found its wav imn 
literature and has been so universally adopted 
hv the miners that it is dillienlt to altogether 
uvoid its use. Wherever employed, however, the 
word will ho placed in *ptotation marks, indicating 
its true standing as miners’ vernacular.

Under the third head will l>u considered those 
deposit'?, often irregular in form, which have 
resulted from the mcta.somalic replacement of 
limestone by oil*.

Tsisily, under the fourth head, will ho noticed 
a few small ore bodies, often referred to aft "chim
neys,” of which (he .Johnny Hull is tin; principal 
example in this region.

No sharp distinction exists between these various 
deposits. Lodes of flat dip may pass into bedding 
faults along weak strata, producing breccias which, 
when mineralized, are classed as blankets, 'flic 
mineralization of such a breccia, particularly if 
the material he cairn i’OOiih shale, is likely to he 
largely by mela.-omatie replacement, producing a 
deposit closely akin to those resulting from the 
simple replacement of limestone. Moreover, the 
ore bodies grouped under the second and third 
heads are always intimately connected with fis
sures or lodw which mayor may not be themselves 
productive.

The greater part of the produet of the district 
has come from the blankets. ‘Some of the lode* 

| have proved rich, hut. their value has invariably 
fallen below the limit of profitable working at a 
remarkably shallow depth, which generally bears a 
constant rclalion lo some overlying blanket, with 
which the hale or lodes connect, Some important 
bodies of ore have also been formed by direct 
replacement of limestone.

The bulk of the ore has hern found in the Gir- 
liOuiftitms Sedimentary series, particularly that por
tion of it known as the Hermosa formation. This 
is nearly etpiivalent lo saying licit most, of the ore 
has come from the central portion of the district, 
in the heart of the dome-like uplift of the Rico 
M onuiaiiis.

The Ores consist primarily of galena—often 
highly argentiferous and associated with rich 
silver-bearing minerals—sphalerite, and pyrite,

several important outlying »lcjH»>it--. The nm-a 
prominent of these is that of the Rlaekhawk 
mine, between Silver (reek and Allvn thih-h, 
where tlic ore Occurs oxidized in a lode and as 
sulphide replacement deposit in massive lime
stone. Anotlier example is the Muzzle mine, on 
Horse Creek, about three-fourths of a mile from 
its month, where tho ore also occurred replacing 
limestone. The Johnny Mull mine on Johunv 
Hull Mountain, near the head of Horse Creek, has 
also produced some ore.

The entire basin of Horse Creek and the msicni 
slope of Kxpeetalinji Mountain arc dolled with 
prospects, many of which have produced small 
(|uantil.u*s of ore, hill nearly nil are nmv aban
doned.

Another deposit of considerable interest and 
prospective value is that of the Atlantic. Cable 
mine, on (he north side of the (own, in which 
galena, sphalerite, and other minerals occur as 
ivplncoiiiciils of ihe Uevoniau limcKltmc.

My reference to the geological map the pre- 
jKinderanre of the important ore bodies mvurring 
in the llcnno.fta. particularly in llie lower and mid
dle divisions, will he evident. Near the periphery 
of the dome, where the l;Vrminu, Triassic, and 
Jurassic sediments now constitute the eurlace, no 
huge ore bodies have been found. The Johnny 
Rull, it is true, ncruo? in Dolores rocks, hut the 
ore body, although tit. one time giving rise lo 
considerable excitement, pro veil to be little more 
than a )H>ekct.

JIINKI’Al^ilV UK TilK tlllKS.

'I’be ores of the Rico district, present few mite- 
worlhv or peculiar mineralogical featnreft, ami 
need receive hut brief treatment under this head. 
They may he roughly divided into (I) pyrilic 
ores, usually of very low grade, and (-1 nrgen- 
liforoufl gab'na ores, sometimes with rich silver 
mimjndft and often containing much sphalerite. 
The pyrilic ores constitute the chnradcrisl.io vein 
filling of most of the lodes and occur in many 
of the blankets and other depths. The galena 
Ores form the workable ore bodies, deposited under 
various favorable circmmskiitccs of concentration. 
The two kinds of ore arc not capable of sharp

able I*»r its Lad alum*. It presents m* unusual 
pivnliai iliis in ibis region and is. as elsewhere, 
nearlv always accompanied hv sphalerite.

tS/tltufrrift:.—Zinc blende is an abundant mnslit- 
tient of i lie j'ich ores of Newman Mill, ivltitrh some
times contain over 15 per cent of zinc. Its common 
associates in these inns am galena, chaleopyrite. 
rliodocbroRiie, and ipiartz. and it oiniw bulb in 
the northeasterly lodes ami in die blanket. It is 
also found in massive granular form, associated 
with a little ehnlcopyrite, galena, »ml fluorite, in 
the Rlaekhawk mine, where it makes up a^-onsid- 
cmble part of the large replacement bodies in lime
stone. Jn tin: Atlantic Cable claim it occurs in 
coarsely crystalline nodular masses*, associated with 
chlorite, spceularite. chideopvriie, and galena, in 
limestone, TJiis sphalerite is dark brown, while 
that in the Newman Hill veins is usually rosin 
colored. It is ab:<> abundant in (hc&unbo mine 
and in tho .Raneroft. and Lily D. prospects, asso
ciated with galena. The occurrence of sphalerite 
has until i*wnily been puivlv an ohjeetionahle 
feature iu the ores, owing 10 the penalty attached 
by the smelters lo ores containing over 10 per cent 
of zinc. Rut in .RK.K) experiments were begun to 
determine ihe feasibility of working some of the 
sphalerite ores for zinc. At the present time zinc 
ore is extracted in commercial rpianlities from the 
Atlautic Culdc by the United Rico Mila’s Com
pany and treated in a small sunup mill, The 
galena is saved on vanneiw and ihe sphalerite 
eoneentnileil hy a magnetic. s<‘p;iralor. fromc 
sliipincnts have herai made, but the plant is 
essentially e.\|>erimeuiid.

6'/ioifo]ii/rifi\—This mineral is not verv almu- 
danl iu ihe Rico district, although nearly always 
present with galena and sphalerite in the workable 
ores. Associated with pyrite, fluorite, and some 
finely granular galena and sphalerite, it formed 
gome of the best ore in tlic Rlaekhawk replace
ment bodies, where il often occurred in fine con
centric or irregularly curved, narrow bands. It is 
present in small <juantity in the blanket mul lode 
ores of Ncwiuan JI ill, in the Silver Swan, Azbr, 
and Atlantic Cable prusj'cC!.'?, nml in many other 
lodes and blankets throughout, the district.

Tchvltcririlc.—Clmy cojipor ore oceui*s in the

1
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Soft, dark pray, or almo.-t black. rarbonnecuiM tiny shale containing thin lenses or nurm 
iin|iurv limestone Kidlirnrvs the I'nloradn croup ami a m-riloi. of the i'lrrro iliviul'm 
UimtiUM roMKtU in-cur more or lean abundantly at severui horizons.

O'mr or runty limwn (|iinrlawe mud*tone or qiurlrite with a variable eonftWMntti. e»Mo 
small rlu-rt p«-libli*s a* or near tiie Imsc. CnrUitineeon* sl.nl" partings occur at several h 
and coal of poor quality i» locally prevent Indistinct fonril Icavos occur sparingly.

A complex of lUlrrmUiug friable. flue-grained yellowish or grayish Mtuhtanw iuid shah-* 
an- seldom more lium l«rl llurk. They often include flukea of tmvwli 

slum Tlie -u.iU» are • It icily green in eolor.dtot may lie pink. durk red. ur chocolate 
Keane shale layers aru sandy and oilier* highly cakartout ?!•» fi«»il* hare been found 
lleKliuw errata.

f lo:.sin(jc principally of two massive. friable, white sandstone ••ecb. with n narrow band ». 
limestone or ralearoow* shale between tiieni The sandstone* are (|unrt*o*v. of even gr.. 
tinrtlv rr^. bedded. and form Wm/sirr rliff# where cx|m#ed. The limestone or caicar« uu 
is locally brecriatcd or reevmcitled- No determinable have been louml.

Sandy marl and finegrained mudstone am) shale nf bright-red color with flue llmcstoi 
glomerate near the Ikiw*. in which nr*.- found lecth of aerouodlte {Hebflon) and of a nn*g‘ 
roid dinosaur, with a rare g:u»tcrop..d slid. similar tot ivip'tru*. indicating the Titanic 
the formation,

A complex •>( hright-ml sandstone* and lighter red nr pinkish grit* »nd rniiglcincrntcs alien 
with sandy slialus and earthy or mtwiy liincatomw of varying shades of red.

Dark mhUsh-Wown sandstone and pink grit, with intercalated greenish or reddish rlwi 
sandy. f«**ilifcrou« limestone

A scries of {rrds. sandstone* shale*, am! limestone# »•( vary .me distribution nod develop, 
nut and sandstone* in massive 1<»*,}.- prc-lcHi-inatr In the middle and ut>|*cr |mris nf the s.
11 to lower portion mnsulitig of thinner Uthletl sandstone, shale, and llmcstonv layers. >• 
ous invertebrate fossils occur in shale and lim.-non#
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As sedimentary deposits or straw accumulate the 
younger rest on those that are older, and the rela
tive ages of the deposits 'may l>e determined hy 
observing their positions. This relationship holds 
except in regions of intense disturbance; in sneli 
regions sometimes the beds have bee n reversed, and 
it is often diflieu.lt to determine their relative ages 
from their positions; then fossils, or the remains 
and imprints of plants and animals, indicate which 
of'two or more formations is the oldest.

Stratified rocks often contain the remains or 
imprints of plants and animals which, at the time 
tlie strata were deposited, lived in the sea or were 
washed from the land iuto lakes or seas, or were 
buried ill surlicial deposits on the land. Sucli 
ruck* are culled fossiliferous. By studying fowils 
it has lieeu found that tlic life of eacli period of the 
earth's history was to a great extent different from 
that of oilier periods. Only the simpler kinds of 
marine life existed when the oldest iossilifcrmi* 
rocks were deposited. From time to time more 
complex kinds developed, and as the simpler ones 
lived on in mollified forms life became more varied. 
But during each period there lived peculiar forms, 
which did uot exist in earlier times and have not 
existed since; these are characteristic type*, and 
they define the age of any bed of rock in which 
they arc found. Other types passed on from 
period to period, and thus linked the sysUMiis 
together, forming a chain of life from the time of 
the oldest fossiliferous rocks to the present. When 
two sedimentary formations are remote from each 
other and it is iinjKJSsiblc to observe their relative 
positions, the characteristic fossil typos found in 
them may determine which was deposited first 
Fctfrfil remains found in the strata of different areas, 
provinces, and continents afford the most important 
means for combining local histories into a general 
cartii history.

It is often difficult or impossible to determine the 
age of an igneous formation, but tlic relative age 
of such a formation can sometimes lie ascertained 
by observing whether un associated sedimentary 
formation of known age is cut by the igneous 
muss or is debited upon it.

Similarly, the time at which mctnmorphic rocks 
were formed from the origiual masses is sometime* 
shown by their relations to adjacent formations 
of known age; but tlic age recorded on the map is 
that of the original masses and not of their metu- 
morj iiiam.

Colors and patterns.—Each formation is shown 
on the map by a distinctive combination of color 
and pattern, and is labeled by n special letter 
symbol.

Symbol« and colors astiyned to Utt rack systems.

planes. Suitable combination patterns arc used 
for iiivUiinurphic formations known to be of sedi
mentary or of igneous origin.

The patterns of ouch class are printed in various 
colors. With the patterns of parallel lines, colors 
are used to indicate age, a particular color being 
assigned to each system. The symbols hy which 
formations are labeled consist each of two or more 
letters. If the age of a formation is known the j 

symbol includes tlm system syml*ol, which is n ' 
capital letter or monogram; otherwise the symbols I 
are composed of small letters. The names of the 
systems and recognized series, in proper order (from j 
new to old), with tlic color and symbol assigned to . 
each system, arc given in the preceding table.

SURFACE FORMS.

.
Hills;md valleys and all oilier surface forms have 

been produced by geologic processes. For example, 
most valleys are tin* result of erosion by the streams I 
Unit flow through them (see fig. .1), and the alluvial 
plains bordering many streams were built up by 
the streams; sea difls are made by tlic crcsling 
action of waves, and Kind spits-are built up by 
waves. Topographic forms thus constitute part 
of tlic record of the history of the earth.

80111c forms are produced in the making of depos
its and arc inseparably connected with them. rlho . 
hooked spit, shown in fig. 1, is au illustration. To t 
this class belong beaches, alluvial plains, lava j 
streams, drumlins (smooth oi-.il hills composed 
of till), and moraines (ridges of drift mado at the 
edge* of glaciers). Other forms arc produced by 
erosion, and these are, in origin, independent 
of tlic associated material. The sea cliff is an 
illustration; it may be carved from any rock. 
To this class belong aliandoned river channels, j 

glacial furrows, uud peneplains. In the making ; 
of a stream terrace au alluvial plain -is first built . 
and afterwards partly eroded away. The shap
ing of a murine or lacustrine plain is usually u 
double process, lulls Wing worn away {degraded) ( 
and valleys being tilled up [aggraded).

All parts of tlic laud surface arc subject to tlic 
action of .air, water, and ice, which slowly wear 
them down, and streams carry the waste material 
to the scsi. As the process depends on the flow 
of water to the wo, it can not be carried below sen 
level, and the sen is therefore called tlie base-level 
of erosion. When n large tract is for a long time 
un distil r lied by uplift or sulusidcncc it is degraded 
nearly to base-level, and the even sifrfacc thus 
produced is called n peneplain. If the tract is 
uftcrwnrds uplifted the peneplain at the top is u 
record of the former relation of tlie tract to sen level.

TUX VARIOUS GEOLOGIC SHEETS.

St met u resect ion e 
relations of the form 
cliffs, canyons, shaft* 
cial cuttings, the mb 
nnotlier may bo seen 
those relations is *1 
term is applied to a * 
tions. Tlie nrniugci 
the earth’s structure. 
urningement is cal hi I 

The geologist is 
natural ami artificial 
concerning the iiirri 
manuor of format ion 
out tlic relations aim* 
can infer their r«lui 
beneath the surface, 
ser.liug tlic structure 
depth. Such 11 mvi 
seen ill the side of a 
so vend thousand foci 
the following figure:

FI|f. 2.—Skululi ftlmwiutt *•

TJic figure reprise 
off sharply in the (in 
so as to show the ti 
rocks. The kinds of 
priute symbols of lin 
symbols admit of mile 
are generally used i 
commoner kinds of r«.
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Anul yiolo'jy wmji.—This map shows the areas ; 
occupied by tlie various formations. On tlic mar
gin is a Irtjrnd. which is the key to tlie map. '] o ! 
ascertain the meaniug of any colored pattern and 
its letter symbol tlic reader should look for that 
color, pattern, and symbol in tlic legend, where be 
will find tlic name and description of tlie for- 

mation. If it is desired to find any given forma- J 
lion, its name .-Jionid i« sought in tlic legend and 

j its color and pattern noted, when tlie areas on the 
) map corresponding in color and pattern may be 

’ Inina] out.
'Hie legend is also a partial statement of the 

I geologic history. In it tlic formations are arranged 
, in columnar form, grouped primarily according to 
j origin—sedimentary, igneous, and crystalline 
I of unknown origin—and within each group tlioy 

an* placed in the oni'-r of age, so far as known, the j 
| youngest at the top.

S-'tiUU.

Fig. 8 —Symbol* ttwd In »•

Tlic plateau in fig. 
land an escarpment, • 
of sandstones, funning 
luting the sloj**, as > 
tlio section. Tlie brow 
i-rsod by scvor.il ridge* 
lion to correspond to H 
stone that rise** to them 
of this ln«d Ibrni (In* 1 
valleys follow the mil* 
nous shale.

Where the edge* «*; 
surface their thick in*.' 
angles at which they n 
observed. T!.:irf th* ir 
l>c if'erred. 'J‘! ••dim




